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There is no such thing as a bad product of any 
kind on the American market; competition is too 
severe for a poor product to exist. But there are 
degrees of merit. Some products are recognized as 
better than other products. And some few in 
every field are widely accepted as the best. Their 
makers are acknowledged leaders and their names 
have become buy-words for assured satisfaction. 
This position of commercial advantage is neither 
easily won nor held without a policy of scrupulous 
attention to every detail influencing product 
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performance in the user’s hands. In accepting 
this obvious fact no thinking person can fail 
to be moved by the force of the evidence that 
Cutler-Hammer Motor Control is so frequently 
and continuously the choice of the nation’s 
leading machinery manufacturers. You too will 
find it pays to insist on Cutler-Hammer Motor 
Control CUTLER-HAMMER, Inc., 
1310 St. Paul Avenue, Milwaukee 1, Wisconsin. 
Associate: Canadian Cutler-Hammer, Limited, 
Toronto, Ontario, 
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Something for Nothing? 


In this day and age no one with 
any engineering background be- 
lieves that a perpetual motion ma- 
chine is practical. But sometimes 
people can be misled into believing 
almost equally fantastic claims. 
You may have read a recent news 
item reporting the development of 
an engine using powdered magnesi- 
um as a fuel. Now there is no 
reason why such an engine could 
not be successful—Rudolph Diesel 
tried powdered coal in his earliest 
engines; gas turbines are now be- 
ing developed to burn powdered 
coal, and powdered magnesium it- 
self has been used to boost the pow- 
er of jet engines. But the inventors 
of the magnesium-burning engine 
claimed that one pound of magnesi- 
um fuel would produce as much 
power as ten gallons (sixty pounds) 
of gasoline. Inasmuch as the heat 
of combustion of magnesium in air 
is not much more than half that 
of gasoline, and present-day air- 
craft piston engines have thermal 
efficiencies in the neighborhood of 
twenty-five per cent, the basis of a 
sixty-fold improvement is, to our 
skeptical minds, a trifle obscure. A 
firm grasp of engineering funda- 
mentals would have saved these in- 
ventors from such a fluff. 


This Month's Cover 


For a cold December day we 
hope you will appreciate the 


warmth of this month’s front cov- 
er, which was designed to highlight 
Associate Editor Leo Spector’s ar- 
ticle on “Applying Electric Heat” 
beginning on Page 142. We are 
printing 


sorry that 


schedules 






would not permit us to depict cool- 
ing coils on covers reaching our 
southern readers. 


Two in the Bush 


A number of readers have com- 
mented on the Editorial “One in 
the Hand or Two in the Bush?” 
which appeared in our August is- 
sue. Here is one from Vaughan 
Sanders of Norwalk, California: 
“After a discussion of your edi- 
torial with a number of colleagues, 
including a supervisor and a group 
leader, it was apparent we did not 
all get the same message. The 
moral, as I saw it, was that unless 
management faced facts it would 
be necessary to hire two men for 
each additional man needed, be- 
cause the dissatisfaction caused by 
the unbalance between new and old 
men would result in loss of the 
older men. My colleagues did not 
get this idea from reading the 
editorial, but agreed that my in- 
terpretation might be what you 
intended.” 

No, Mr. Sanders, the conclusion 
you draw was not intended when 
the editorial was written. How- 
ever, the moral as you see it is a 
logical extension of the intended 
meaning. Let’s hope that manage- 
ment never will allow the situa- 
tion to deteriorate that far. 


Annual Index 


We continue to receive sugges- 
tions from our readers that we 
publish an annual index of edi- 
torial contents, despite the fact 
that such an index has always 
been available for the asking and 
that the index has been printed in 
our December issue since 1947. This 
year is no exception, and you will 
find the index beginning on Page 
433 of this issue. You may have 
an extra copy if you wish, either 
by writing to us or by using the 
return postcard facing Page 252. 
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Mechanisms—tThe Vital Link 


ESPITE the advent of the well publicized electronics age, mechanical 

devices—linkages, cams, gears, etc.—are still the backbone of much 

engineering development. Even the electronic devices themselves, like 
radar, television and computers, involve mechanical movement of many 
elements and therefore require mechanisms to complete their function. 

Although much has been accomplished in analyzing mechanisms, en- 
gineers are still largely dependent on ingenuity and skill in devising a 
mechanism to perform a specific function. Principles of systematic de- 
sign and “synthesis” are gradually being developed and understood, but 
mechanism engineering is still more of an art than a science. 

Increased speeds of modern automatic machines, and the high pre- 
cision necessary in such units as computers, have resulted in a tremendous 
rebirth of interest in basic mechanism design. 

As a contribution to improved mechanism design, we. present in this 
issue the papers delivered at the First Conference on Mechanisms which 


MACHINE DESIGN co-sponsored at Purdue University this Fall. Interest in 


the Conference, as measured by attendance and the enthusiasm displayed, 
was most gratifying and has encouraged us to plan for continuing it on an 
annual basis. It is our expectation that the published proceedings will 


Machine DEsicn 


1953 


grow into a basic reference source on mechanism design that will be in- _ 


dispensable to design engineers. 

Regularly in the pages of MACHINE DESIGN, and now through the 
Mechanisms Conference, we have helped provide design engineers with the 
latest tools of mechanism design. Kesponse to these efforts has..con- 
firmed our conviction that information on improved mechanism design tech- 
niques is more urgently needed than ever before. As the vital links be- 
tween driven elements and their power sources or actuators, mechanisms 
give a machine its individuality and hold the key to its success. Their de- 
sign demands mobilization of every technical resource that can be brought 


to bear. 


Ah hints 


EDITOR 





















MINENTLY suited to a wide variety of appli- 
KE, cations, both industrial and domestic, electric 

heating offers two distinct advantages; uni- 
form heat distribution and accurate temperature 
control. Today, this method of energy conversion 
has been developed to the point where highly effi- 
cient applications are being made in machines and 
equipment ranging from large furnaces to tiny in- 
struments, Fig. 1. Modern requirements of greater 
speed, precision, serviceability, etc., make careful 
study of electric heating methods a necessity and 
also serve to highlight their unique advantages in 
design. 

In general, electric heating encompasses a range 
of methods. These can be enumerated as: (1) Di- 
electric, (2) induction, (3) resistance and (4) in- 
frared heating. Each possesses particular attri- 
butes and today good design research must con- 
sider each in proper perspective. 

For purposes of this article, one particular area 
has been selected for discussion—that group of re- 
sistance heating devices which can be readily adapt- 
ed as built-in machine components. In most ma- 
chine applications, the operating temperatures com- 
monly encountered will fall within the range ex- 
tending up to 1500 F. Attention will be devoted 
to those resistance heating units which are specifi- 
cally suited to this range of operation. Their types 
and the factors entering into their selection and 
application as machine components will be covered. 

In general, the analysis of any electric heating 
application can be broken down into three funda- 
mental steps: (1) Calculation of heat requirements, 
(2) appraisal of basic factors influencing the selec- 
tion of a heating unit, and (3) evaluation of meth- 
ods of mounting and installation. Each of these 


142 


Fig. 1—Temperature differential between 


two stam ermigeenes pik poorer 
+ eae owes ring indicate peak power 
consumption in combination 
watthour and i: demand meter 

















By Leo F. Spector 
Associate Editor, Machine Design 


steps in turn involves specific considerations. The 
value of this simplified design approach lies in a 
convenient grouping which permits a clear per- 
spective view to be taken of the influence of the 
different variables encountered. The following dis- 
cussion treats in detail the contributing factors 
which must be taken into account. 


Determining Heat Requirements: Installed kilo- 
watt heating capacity for a particular application 
is determined by the larger of two quantities: 


1. Initial energy required to bring the material 
being heated to operating temperature. 

2. Energy required to maintain the material be- 
ing heated at the proper operating temperature. 


In each case, calculation of the total heat required 
should be guided by the characteristics of the spe- 
cific application and must include allowance for all 
factors such as heat absorbed by auxiliary equip- 
ment, heat losses through exposed surfaces, etc. 
Dependent on operating conditions, a margin of 
safety of 10 to 30 per cent should be allowed for 
contingencies; automatic temperature control can 
be used to limit the kilowatt-hour consumption to 
actual requirements, When practical, operating 
tests offer the best means of determining the nec- 
essary heat capacity. 

For determining heat requirements, the following 
fundamental equations are useful in calculating the 
individual heat quantities associated with different 
specific applications. Energy required for material 
heat-up, either gases, solids, or liquids, may be 
computed from 


_ We (T2 — 71) “= 


aa 3412 t 
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APPLYING ELECTRIC HEAT 


Basic considerations in the analysis, selection 
and application of built-in units for 
effective heat control 










where Q, = energy required in kilowatts; W = 
weight of material in pounds; c = specific heat of 
material in Btu per pound; 7, and T, = initial and 
final temperatures, respectively, of material in de- 
grees F; and ¢ = time required for heat-up in 
hours. 

Heat losses at operating temperature are gen- 
erally determined by 
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1000 Copper 
oxidized 
where Q. = heat loss in kilowatts, gq, = unit heat Cast iron 


oxidized 


Aluminum paint on 
cost iron 






loss in watts per square foot and A = exposed area 
in square feet. The quantity gq, is usually found as 
a chart value. Several useful charts for deter- 
mining heat losses common to most applications 
are shown in Figs. 2, 3 and 4. A wide variety of 
these charts for a number of different materials 
and exposure conditions can be found in handbooks 
and manufacturers’ literature. Care should be ex- 
ercised in the use of these charts to assure corre- 
lation of units with those in Equation 2. For heat 
losses during heat-up, a reasonably accurate deter- 
mination of the average loss may be found by tak- 
ing half of the value at the operating temperature. 

Heat absorbed during melting or vaporization is 








@ 


fo) 


Aluminum 
oxidized 


Wrought or cast iron 
polished 








Heat Loss from Top and Bottom Surfaces (#,sq.in.) 
b 









given by 
@ = dp W (3) Temperature (F) 
3 “Saat ' ee ee eee ee 


Fig. 2—Chart for determining heat losses 
from uninsulated solid smooth surfaces at 
70 F ambient temperature. Heat losses 
from bottom surfaces are about 55 per 
cent of those from top and bottom sur- 
faces 






where Q, = energy absorbed by material during a 
change of state and q, = heat of fusion or vapor- 
ization in Btu per pound. Calculations involving a 
change of state in the material being heated must 
include allowance for the alteration in the specific 
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heat of the material which occurs. This variation 
usually necessitates separate calculations of the 
heat absorbed by material before and after the 
point of change. 

These three equations are basic for all heat cal- 
culations. Summation of the individual heat quan- 
tities for specific applications is indicated in the 
following general expressions for initial and oper- 
ating heat requirements. Initial heat requirements 
are represented by Q; and operatiug heat require- 
ments by Q,, both in kilowatts. 

Sotips: Initial heat requirements include the 
heat absorbed by the material and the average 
losses from exposed surfaces, At operating tem- 
perature, only the heat losses usually need be sup- 
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Fig. 3—Chart for determining heat losses 
through insulated walls 
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plied. These quantities may be expressed by 


=Q2 
2 


Qi = Qi + (4) 


=Q2 (5) 


where 3 indicates a summation of the appropriate 
quantities. 

Liquips: Initial heat requirements include the 
heat absorbed by the liquid and its container as 
well as the average surface losses from the con- 
tainer and exposed liquid surfaces. Operating re- 
quirements include heat-up of added liquid and all 
surface losses at operating temperature. Thus, 


= Q2 
2 


= QM + =Q2 (7) 


GASES: In most cases of forced convection heat- 
ing, only the operating capacity need be calculated 
from Equation 1. A more convenient form of 
Equation 1 for this purpose is 
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Fig. 4—Charts for determining heat losses from exposed li 
oil or paraffin; and c, molten metals such as lead, bal 
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= ) (8) 
e 56.9 





where V = gas volume in cubic feet per minute 
measured at normal atmospheric temperature and 
pressure, d = gas density at normal conditions in 
pounds per cubic foot and c, = specific heat of gas 
at norma! conditions in Btu per pound. Where nat- 
ural convection, or some form of recirculation is 
being employed in a confined area, heat losses 
through the walls may become significant and 
should be considered. The general relationships 
indicated in Equations 6 and 7 for liquid heating 
may be applied under these conditions. 

METALS: Initial heat requirements include heat 
absorbed by metal before and after melting, heat 
of fusion, heat absorbed by container, and average 
surface losses from container and exposed metal 
surface. Operating requirements include melting 
and heat-up of metal added and surface losses at 


operating temperature. Thus, 

, ” = Q2 
Qi = Qi’ + Q3 + Qi 7h “ae (9) 
Qo. = Qi’ + Qs + Qi” + ZQe (10) 


where prime quantities indicate heat absorption of 
metal before and after melting and Q, in this case 
represents heat absorbed by container. These 
same general expressions are also applicable to any 
other heating processes in which a change of 
state occurs. 

These expressions only indicate general rela- 
tionships for different specific applications. Each 
case must be analyzed carefully to assure inclusion 
of all possible factors affecting the heat capacity. 

Final specification of heating unit size will be 
dictated by the larger of the two heat require- 
ments. It must be remembered that initial heating 
requirements are influenced by the time required 
for heat-up. Where this time can be increased, 
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APPLYING ELECTRIC HEAT 


heat requirements are decreased and reduced cost 
and improved performance will usually result. 


Open Heating Elements: Wire and ribbon forms 
of high-resistance alloys have been developed in 
several grades for use as heating elements at oper- 
ating temperatures up to 2450 F, Two principal 
alloys are in use—nickel-chromium or aluminum- 
iron. The latter, a Swedish development, is com- 
paratively new in this country and is available in 
three grades for maximum temperatures of 2100, 
2370 and 2460 F. The well-established nickel- 
chromium compositions are also usually separated 
in three different grades; general practice has es- 
tablished recommended maximum temperatures of 
1400, 1700 and 2000 F for these grades primarily 
on the basis of nickel content. Cost is directly 
related to the recommended maximum temperature. 

Available sizes of ribbon and wire, which is 
usually supplied in coiled form, will vary with the 
manufacturer; however, the different alloy grades 
can be furnished in most of the B&S gages. Re- 
sistance and wattage characteristics vary with the 
grade of alloy; extensive data on properties and 
characteristics as well as other pertinent specifica- 
tion information are available from the individual 
manufacturers. The following discussion covers 
some of the more significant factors which should 
be taken into account. 

Wire elements are generally in coil form and are 
supported by ceramic insulators, Fig. 5. Ribbons 
are usually wound on a mica form or bent into 
loops and inserted in slotted ceramic supports. Be- 
cause of their exposed, uninsulated surface, these 
elements must be safeguarded against contact with 
liquids or surfaces. Environmental atmospheric 
conditiors will have a significant effect on element 
life since susceptibility to corrosive influences in- 















Fig. 6—Above—Con-Wate mechanical convection 

oven utilizes heater bank of open elements and 

bimetallic damper to obtain precision control of 
heat transfer 


Fig. 7—Below — Typical enclosed tubular heating 
units showing some of the shape possibilities 


creases with temperature. Low temperatures and 
intermittent usage provide the best working condi- 
tions. In general, life as well as cost is substan- 
tially less than for the enclosed elements. 

For these reasons, practical usefulness of open 
elements has been limited to two types of applica- 
tions; radiant and convection heating. They have 
been widely used to cost advantage in a variety of 
ovens both industrial and domestic, and domestic 
appliances. When properly utilized, the uninsulat- 
ed and exposed surface of the open element can be 
of direct advantage. For certain types of gas 
heating, particularly air, this feature offers a high 
rate of heat transfer superior to the enclosed units 
in which heat flow is impeded by the insulation 
and sheath, Moving air cools the exposed element 
rapidly, permitting higher heat transfer rates and 
increasing the efficiency of operation. Attributes 
of the open element have been utilized to particular 
advantage in the convection oven design shown in 
Fig. 6. 

Radiant heating is another area of application 
in which the open element can often be used to 
advantage. Mounted in grooves of parabolic shape 
in a ceramic form or backed up by a metallic re- 
flector, these elements provide a low-cost high-effi- 
ciency heat transfer unit. Again, the elimination 
of insulation and sheath improves thermal proper- 
ties and sensitivity of response and control. Best 
results have been achieved under intermittent op- 
erating conditions. For continual operation, espe- 
cially in industrial applications, the enclosed units 
have found wider acceptance. Of course, for any 
radiant heating unit, environmental conditions play 
an important role; safety or other considerations 
may render the open element out of the question. 

Although open elements are associated with di- 
rect heat applications, their thermal properties 
may also be utilized indirectly. For example, the 


Fig. 8—Cast-in tubular units offer a mechanically 
strong construction and high heat transfer rates 
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watthour and thermal demand meter in Fig. 1 em- 
ploys a pair of heating units, punched from 0.0113- 
inch nickel-chrome sheet, to indicate peak current 
loads. The heating units develop a temperature 
difference proportional to the kilowatt load, ex- 
panding a pair of opposed bimetal springs that 
drive a pusher pointer. This action in turn ad- 
vances an idle pointer to record the highest reading 
reached during the month. 


Designing Wire Elements: Fundamental consider- 
ations in the design of an open element are heat 
requirements, voltage, rate of heat transfer, oper- 
ating temperature and space requirements. Gen- 
eral rules of practice indicated for wire elements 
are equally applicable for ribbon types. 

The usual design procedure for wire elements is: 


. Calculate heat requirements. 

. Find total resistance required. 

. Select wire size. 

. Determine length of wire required. 
. Select coil size. 


orf © be 


Total resistance may be calculated from Ohms 
law using 
E2 
P 


B= (11) 





where RF = total resistance in ohms, FE = operating 
voltage and P = energy required in watts. The 
resistance value obtained from this equation will 
be the “hot resistance” required at operating tem- 
perature. Since most tables of wire resistance are 
based on room temperature conditions, a corrected 
orc “cold resistance” value will have to be calcu- 
lated. For the average application, hot resistance 
will run about 7 to 12 per cent higher than cold 
resistance in the nickel-chrome alloys, about 4 to 
7 per cent more in the aluminum-iron compositions. 

Recommended wire sizes and cold ohms for dif- 
ferent total wattages for the well established 80-20 
nickel-chrome wires are given in TABLE 1. These 
wire sizes are generally applicable to all nickel- 
chromium grades and have been established on the 
basis of recommended usage for cord attached ap- 
pliances; however, they represent accepted practice 





Table 1—Recommended Element Wire Sizes* 








Watts at Cold Resistancet+ Wire Size 
Operating (ohms) (B & S Gage) 
Temperature 110-120v 220-240v 110-120v 220-240v 








100 123.5 494.0 26-30 29-33 
200 61.8 247.0 25-29 28-32 
300 41.2 164.7 24-28 27-31 
400 30.9 123.5 22-26 25-29 
500 24.7 98.8 20-24 23-27 
600 20.6 83.3 19-23 22-26 
800 15.4 61.8 18-22 21-25 
1000 12.4 49.4 16-20 19-23 
1200 10.3 41.2 15-19 18-22 
1500 8.2 32.9 12-16 15-19 
2000 6.2 24.7 10-14 13-17 
2500 4.9 19.8 9-13 12-16 


3000 4.1 16.5 8-12 11-15 


*80-20 Nickel-chrome wire; t75 F 
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for most applications and will provide a safe oper- 
ating temperature. Aluminum-iron wires have a 
higher resistance value than the nickel-chrome 
types and can be used in a larger size at the same 
length to produce an equal total resistance; in the 
same size, they will allow a shorter element. 

Selection of wire and coil size will be influenced 
by space requirements and voltage. Larger wire 
sizes reduce watt loading and operating tempera- 
ture but, however, increase cost slightly. Coils 
are usually close wound and stretched to 11% to 4 
times their close-wound length; a value of 2 is de- 
sirable. Ratios of coil ID to wire diameter should 
be kept under 10; higher values will result in a 
tlimsy coil that is difficult to make. Standard tol- 
erances are plus or minus 0.002-inch on diameter 
and plus or minus 5 to 10 per cent on lengths spe- 
cified on the basis of resistance. 

Elements designed to operate on 230 volts require 
four times the resistance of those operating at the 
same wattage at 115 volts. Smaller wire or ribbon 
sizes will be required for the higher voltage, in 
many instances making it difficult to design a 
rugged element, particularly where space is limited. 

Choice of wire alloy grade will depend on oper- 
ating temperature. For a given wattage, element 
temperature will be determined by the rapidity 
with which the surrounding medium conducts heat. 
For example, a coil may operate at 1200 F in open 
air and at 1650 F when mounted in an insulated 
enclosure. Permissible watt densities vary con- 
siderably with the application, running as high as 
50 watts per square inch of exposed element. How- 
ever, in general practice values of 10 to 20 watts 
per square inch are usually the goal; for precision 
work 7 to 10 watts per square inch are considered 
a practical range. 

The following table for heating air in small 


Fig. 9—Typical strip heating units showing shapes 
and terminal arrangements possible. Ring units, a 
modified version, can be nested for increased wattage 






































ovens indicates the temperature gradients which 
are usually necessary and may prove helpful in 
estimating temperatures. 





Air Temperature, F Element Temperature, F 


1000 1500 
800 1200 
600 1000 
400 750 








Where practical, actual testing under operating 
conditions is the best method for determining ele- 
ment operating temperature. 

Operating temperature has a significant effect on 
element life. For example, the life of a 0.025-inch 
nickel-chromium wire at 1800 F will be approxi- 
mately 40 times that at 2150 F. The optimum tem- 


Fig. 10—Cartridge heating units designed for 
insertion in a hole to heat surfaces 


perature will be the lowest that can be used con- 
sistent with the requirements of the heating task. 


Installation of Open Elements: Coil installation 
and mounting may be accomplished in several 
ways. Elements may be mounted directly on mold- 
ed-insulator forms or on insulators in metal or 
wire frames. Embedding in electrical cement often 
facilitates heat exchange. Allowance must be 
made for free coil movement to permit expansion 
and contraction throughout the coil length. If 
a coil binds in an insulator, sagging may occur and 
cause a short circuit. Coil supports should be 
placed at frequent intervals, the spacing being de- 
termined by the coil size and installation require- 
ments. If an element must be anchored in any 
way, tests should be made to determine effects of 
warpage and “creeping.” In all cases, the element 
should be mounted to provide the easiest path of 
heat flow into the medium being heated. 

Premature failures of elements are usually due to 
poor design and faulty construction. Terminal fail- 
ures, in particular, are troublesome, Brass bolts, 
nuts or washers used to make power connections 
may oxidize under heat and form an arc which 
will burn through the element at this point. Al- 
though mechanical contacts are sometimes satis- 
factory, welded, brazed or spot-welded joints out of 
the heat zone are the most satisfactory. In some 
instances, pressed or pressure joints will work but 
should be proved out under the actual operating 
conditions which will be encountered. 

For large wattage installation, three-phase cir- 
cuits may offer the best solution. Elements are 
usually designed to provide a balanced load on each 
phase. Either delta or wye connections may be 
used. It must be remembered however, that the 
delta connection provides full line voltage across 
each phase while in the wye, phase voltage is equal 
to line voltage divided by 1.732. This difference in 
voltages can frequently be used to advantage. By 
employing a suitable switch, the three elements can 
be readily changed from delta to wye connections 


Fig. 11—Cartridge heating units in- 
serted in “shoes” of compressive 


shrinking machine provide con- 
trolled heat for erage. proc- 
cloth . 
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to provide two heat controls. Maximum power 
will be afforded by the delta connection; switching 
over to wye w.ll reduce input to 4%. When using 
such an arrangement, elements should be designed 
on the basis of the power and voltage supplied 
through the delta connection. 


Enclosed Heating Elements: Metal-sheathed re- 
sistance heating units are available in several 
standard types which may be classified as: (1) 
Tubular, (2) strip, (3) cartridge, (4) immersion, 
and (5) fin. Although types and sizes as well as 
fabrication methods will vary with the manufac- 
turer, most of these units feature essentially the 
same type of construction; a high-resistance heat- 
ing element, either coiled wire or ribbon, mounted 
in a metal sheath and insulated from contact with 
the sheath by some form of inorganic insulator. 
The designer must specify the wattage, sheath ma- 
terial, type of terminals and leads, and the effec- 
tive heating length. Standard voltage ratings are 
115 and 230, single and three-phase, ac or dc. 
Sheath materials include copper, steel, stainless al- 
loys, aluminum, brass, nickel-silver, Monel, Inconel 
and other alloys. 

TUBULAR: These units offer the greatest flexi- 
bility in machine applications and can be used for 
all types of radiant, conduction and convection 
heating tasks. Typical types are shown in Fig. 7. 


A wide variety of formed shapes is possible and, 
in addition, these units are particularly suitable 
for cast-in applications with metals such as gray 
iron, alloy iron, aluminum, brass, Meehanite, cop- 
per and others, Fig. 8. Standard available sizes 
of the tubular type units vary from approximately 
', to 34-inch in diameter and from 1 to 20 feet in 
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length. Wattage ratings vary from approximately 
200 to 7500 watts. 

Strip: Surface heating and natural or forced 
convection air heating are the primary applications 
of these thin, flat units, Fig. 9, which are useful in 
restricted spaces. A modified form, the ring unit, 
offers advantages in certain types of surface heat- 
ing applications. For use with curved surfaces, 
these units can be bent either transversely or longi- 
tudinally to suit the application. Standard avail- 
able sizes vary in width from 1 to 6 inches, in 
thickness from approximately 14%, to 14-inch, and 
in length from about 7 to 8 feet. A wide variety 
of terminal and mounting hole arrangements is 
possible; some types are available with two cir- 
cuits for providing three wattage combinations. 
Wattage ratings vary from about 50 to 4€00 watts. 


CARTRIDGE: Typical units are shown in Fig. 10. 
Designed primarily for insertion in a hole, these 
units are particularly suitable for contact heating 
applications where it is necessary to concentrate 
heat in a confined area, Fig. 11. Standard avail- 
able sizes range from % to 1%-inch diameter and 
from 11% to 22 inches in length. Wattage ratings 
range from 30 to 1800 watts. Either flexible or 
rigid terminals may be used; both terminals are 
brought out at one end and the other end can be 
sealed or open depending on application require- 
ments. 


IMMERSION: Liquid heating is the purpose of 
these specialized units which are placed directly 
in the fluid medium. Constructions vary widely 
with the manufacturers but all generally consist 


Fig. 12—Left—Immersion heating units 

for side or bottom mounting offer high 

heat transfer rates and efficient energy 
distribution 





Fig. 13 — Below — Typical fin heating 
units for forced convection heating offer 
large exposed heat transfer area 
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Fig. 14—Above—Efficient heat transfer char- 

acteristics of cast-in tubular unit permit accu- 

rate temperature control in this dried-fruit 
compression ram 


Fig. 15 — Below — Tubular units clamped in 
grooves provide high heat transfer rates for 
surface applications 
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Fig. 16—Below—Compact, efficient design of 


ress employs 


chamber of injection moldin 
tightly around 


tubular heating units spirall 
exterior surface 


of some form of sheathed unit or units mounted 
to a threaded or flanged header, Fig. 12. Sheath 
material will vary with the liquid being heated 
and according to its corrosive characteristics. Some 
of the more widely used combinations are: 


Water Copper, brass 
Dowtherm, oil, alkaline Steel 

solutions 
Acids Lead, Monel, stainless 
Vegetable oil Nickel-plate copper 


Wattage ratings for these units vary from 100 
watts, where one element is employed, to 50,000 
watts with as many as 18 separate elements. 

Modified forms using a cast iron sheath are 
available for melting soft metals. These are usual- 
ly designed for “over-the-side” mounting to facili- 
tate removal for maintenance. 

FIN: These are also special-purpose units de- 
signed primarily for forced convection heating of 
gases, particularly air. They usually consist of a 
tubular or strip unit with either integral or brazed 
fins, mounted transversely, to provide a large ex- 
posed surface. Typical types are shown in Fig. 13. 
Wattage ratings range from 350 to 10,000 watts 
and lengths vary from approximately 6 inches to 
9 feet. 


Selecting Enclosed Units: Specification of an en- 
closed heating unit for a particular application in- 
volves certain fundamental considerations in- 
cluding: 


(1) Heat transfer media. 
(2) Operating temperature. 
(3) Rate of heat transfer. 


HEAT TRANSFER MEDIA: For the four principal 
areas of machine applications—surface, air, liquid, 
metal melting—several methods can usually be 
employed in each case to produce the required 
heat capacity. Each of these areas will be taken 
up separately. 

Surface Heating: Three types of enclosed heat- 
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ing units can be used—tubular, strip and cartridge. 
The common methods of application are: 


(1) Cast-in. 

(2) Pressure-clamped in grooves. 
(3) Inserted in holes or slots. 

(4) Wrapped around surface. 
(5) Clamped on surface. 

(6) Spaced away from surface. 


In general, this listing represents the order of 
preference in application and is based upon the 
efficiency with which the contact surface of the 
heating unit is utilized. Cast-in tubular units offer 
the best results since full use is made of the entire 


; heating unit surface, Fig. 14. The casting effective- 


ly increases the surface area of the tubular unit, 
permitting higher rates of heat transfer than pos- 
sible with other methods. Heating units of small- 
er physical size can be used to obtain a compact 
assembly. In addition, heat losses are decreased 
and the sheath is protected against corrosion. 

Tubular units can also be used to advantage 
when clamped under pressure in grooves in curved 
or flat surfaces, Fig. 15. Good heat transfer is ob- 
tained but surface contact is not as complete as 
with cast-in types and permissible heat transfer 
rates are not as high. Variations in sheath and 
groove diameters will limit the fit that can be 
obtained. 

Another efficient surface heating method is the 
use of inserted tubular, cartridge or strip units in 
drilled holes or slots. Here again the fit obtained 
will limit the heat transfer rates permissible. 

For wrapping around surfaces both tubular and 


Fig. 17—Accurate temperature control is achieved 
in the heating unit of this rubber and plastic ex- 
truding machine by utilizing wrap-around tubular 
heating units to meet the odd contour requirements 
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strip heaters can be used. This method has ad- 
vantages, particularly on round or odd shapes, 
Fig. 16. Strip heaters offer better heat transfer 
properties since the tubular heaters are essentially 
in line contact. However, because of adaptability 
to a wide variety of shapes the tubular heater 
offers more utility in application, Fig. 17. 

Strip-heaters, by virtue of their shape, are best 
suited for clamp-on applications. Tubular heaters 
can be used but their efficiency is especially limited 
because of the line contact which results. An in- 
teresting application of clamped-on strip heaters 
is shown in Fig. 18, of tubular heating units in 
Fig. 19. 

Least desirable of the methods for surface heat- 
ing is the use of either tubular or strip units spaced 
away from the surface. Heating will depend on 
convection and radiation, resulting in a substantial 
reduction in the possible heat transfer rates that 
can be obtained. 

Liquid Heating: The most effective method of 
liquid heating is by direct immersion since all heat 
generated is transferred directly to the liquid. Di- 
rect immersion heating is possible through several 
means: (1) With standard immersion units, (2) 
by casting-in tubular units, Fig. 20, or (3) with 
hollow tubular sections running through the liquid 
and carrying replaceable tubular heating units. 

When the nature of the liquid or other consider- 
ations prevent the use of immersion heaters some 


Fig. 18—Clamp-on strip heaters seal paper 

webs at high rates and under continuous 

operating conditions in this custom-built 
envelope machine 





form of indirect heating must be used. This usually 
can be done through the use of some type of sur- 
face heating unit on the container surface or else 
by a liquid jacket heated by direct immersion. In 
some instances double-jacketing can be used effec- 
tively. 

Air Heating: For natural convection heating 
both strip and tubular heaters offer a range of 
application. The strip heaters are better suited ih 
most instances for the relatively lower temperature 
ranges while tubular heaters achieve good results 
and perform better in the high temperature ranges. 
In every case, sheath material will have an impor- 
tant influence, Again, the cast-in units also offer 
possibilities because of their efficient heat dispersal 
characteristics. 

For forced-convection air heating, the fin units 
offer the most efficient method. Higher heat rate 
transfer rates are achieved through the exposed 
fin surfaces which provide a large contact area 
for the air and permit high-velocity air flow, Fig. 
21. Tubular or strip heating units are also satis- 
factory in many cases, particularly where air flow 
is low, temperatures are high and space is re- 
stricted. 

Metal Melting: Many of the same considerations 
involved in liquid heating apply equally to metal 
melting. Direct immersion offers the best heat 
transfer results. Either the special cast-in immer- 
sion units can be used or, in some cases, other 
methods can be just as effective, Fig. 22. If direct 
immersion is not suitable for the molten metal be- 
ing heated, some form of outer surface heating 
can usually be employed to obtain the necessary 
heat capacity. Jacketing is not always satisfactory, 
particularly where melting temperatures are fairly 
high. 

Radiant Heating: These areas of heat application 
represent the major ones encountered by the de- 
signer. However, one other method of heat trans- 
fer, radiant heating, is worthy of mention. The 
tubular unit, because of its effective reflecting 
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Fig. 19—Left—Blades 
of sludge drying fan 


are efficiently heated 


tubular _iunits 
between 
lade sections 





Fig. 20 — Below — 
Rapid steam genera- 
tion in this compact + 
insecticide sprayer is 
obtained with a 1000 
watt tubular heating 
unit, formed in a spi- 
ral and cast into brass 


surface, is eminently suited to this application and 
has been widely utilized to good advantage. Backed 
up by a metal reflector, it provides a highly effi- 
cient infra-red heater. Today, these radiant units 
form a specialized group of products and are avail- 
able in a variety of types and sizes to meet partic- 
ular application requirements. Design of these units 
involves a number of technical problems which are 
beyond the scope of this article. 

OPERATING TEMPERATURE: Except for the im- 
mersion heaters in which the type of fluid is usual- 
ly the determining factor, the best type of sheath 
material is generally established by the operating 
temperature. Materials are usually selected in 
accordance with the following table of recommended 
temperature (F) limits: 


Lead 165 
Copper 350 
Aluminum 625 
Brass, Steel 750 
Nickel-steel, calorized steel 1000 
Chrome steel, stainless, Monel 1200 
Incoloy, Inconel 1400-1500 


These temperatures are considered the most 
practical with regard to life and efficiency. Con- 
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Fig. 21 — Right — 
Novel popcorn 
warmer design em- 
ploys formed tin unit 
to heat and maintain 
circulating air at 175F 


Fig. 22—-Below—Tub- 
ular units, clamped to 
walls of monotype 
pot, provide direct 
immersion heating ca- 
pacity of 3000 watts to 
melt metals and main- 
tain molten liquid 
temperature 





tinuous operation at higher temperatures greatly 
reduces life and requires special installation. 

RATE OF HEAT TRANSFER: A fundamental rule 
to be followed in heating unit selection is the higher 
the temperature the lower the watt density (dissi- 
pation of energy per square inch), Also, the poorer 
the thermal corductivity between heating unit and 
work, the lower will be the watt density. Recom- 
mended watt density is a function of the charac- 
teristics of the application, the manner of installa- 
tion and maximum sheath temperature. Exact 
values for all types are hard to define. For ex- 
ample, 40 watts per square inch is a high value 
which can only be safely attained if heat transfer 
is extremly good such as in direct immersion. Cast- 
in and fin units offer high heat transfer rates 
because of the increased surfaced obtained which 
acts to decrease watt density. Efficient heat trans- 
fer has a further effect in that it permits units of 
smaller physical size to be used. 

Some of the recommended watt density values 
for several applications are: 
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Sheath Watt Density Application 
Copper 60 Water immersion 
Steel 6-14 Forced air convection 
Steel 8 Suspended in free air 
Steel 10 Clamped or inserted 
Steel 30-40 Cast into aluminum 


Radiant 
Clamped to metal 
Clamped to metal 
Radiant 


Stainless stee] 25-40 
Stainless steel 35 
Inconel 40 
Inconel 40 





High watt densities can be used advantageously 
for certain types of applications where the amount 
of heat required is limited by the amount of ma- 
terial to be heated. If heating can be accomplished 
in a relatively short period, dangerous temperature 
conditions will not develop. However, this method 
of application should be approached with care. 

Watt density can also be affected by the number 
of heating units. By employing a larger number, 
lower wattage units can be used and improved heat 
transfer and performance will result, 


Installing Enclosed Heaters: The primary objec- 
tive of any method of installation is to produce the 
desired operating temperature with the greatest 
efficiency. Each of the different methods of heat- 
ing previously discussed involves certain “rules” 
which have been established through practice. The 
following discussion highlights some of the more 
important details to be observed. 

SEALING: Enclosed heating units pose a trouble- 
some sealing problem. Most manufacturers employ 
a mechanical connection between terminal ard coil 
because of the high heat at the junction. Moisture 
conditions can cause leakage currents and pre- 
mature failures. Although complete sealing is im- 
possible because of element expansion and contrac- 
tion, varying degrees of effectiveness can be usually 
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achieved to suit the application. Methods range 
from mica washers for mild conditions to special 
glass and Mycalex seals for severe conditions. In 
each case, degree of sealing will affect the cost. 

Terminal connections and seals also have an- 
other important effect in that they cut down the 
effective heating length of the unit. However, this 
shortened length is usually advantageous since 
the unheated section next to the terminal simpli- 
fies external connections. Also, it is usually difficult 
to utilize full length in most applications and main- 
tain a good connection. If heat were being gener- 
ated all along the surface, unused sections would 
overheat and result in failure. 

CASTING-IN: Steel is generally employed as the 
element sheath material because of its all round 
suitability and comparatively low cost. This sheath 
material, however, as well as environmental oper- 
ating conditions of the application, etc., influence 
the casting metal to be used. For all practical pur- 
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Fig. 23—Above—Heating unit for bottle 
capping machine illustrates intricate shapes 
possible with tubular units 


Fig. 24 — Below — Clamp-on methods of 
mounting strip heating units 


ty ‘; - 





poses, the free flow path of heat presented by the 
cast section, regardless of the casting material, will 
usually make specific differences in heat conductiv- 
ity relatively unimportant in actual application. 
Cast metals commonly used are gray iron, alumi- 
num, bronze, brass, and lead. Gray iron is the 
most universally accepted because of its corrosion 
resistance qualities and wide range of possible 
application. Low melting point limits aluminum to 
low-temperature applications; experience indicates 
that a maximum operating temperature of 600 F 
is best for this metal. Bronze is excellent for water 
immersion units and will usually produce sound 
castings. Brasses high in zinc content are usually 
undersirable for casting because of the amalgamat- 
ing effect which occurs with steel sheaths and tends 
to cause these metals to penetrate the sheath and 
cause grounds. Lead may be used, within proper 
limitations, for applications where the chemical 
resistance of this material is desirable. 

These cast metals only represent some of the more 
commonly used types. Many other metals are 
equally suitable and have been successfully used; 
the general rules of good casting practice will al- 
ways apply. 

FORMING: A good rule of thumb in bending tu- 
bular units is that the radius of bend should not be 
less than twice the diameter of the sheath. Shape 
possibilities are unlimited, Fig. 23, and will usually 
be governed by the formability characteristics of 
the sheath material. Cold bending is usually recom- 
mended. An important consideration in bending is 
the location of the terminal junction. For best re- 
sults, bends should not be located within less than 
one inch of the junction or damage to the sheath 
or junction may occur. 

As a wrap-around heating medium on grooved or 
ungrooved circular surfaces, the tubular unit 
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should be coiled to a diameter slightly less than 
the heated surface. The unit can then be sprung 
or threaded onto the surface to obtain a tight fit. 
Ends should be free to permit expansion and con- 
traction. 

CLAMPING: The primary problem in clamp- 
mounting strip or tubular elements to flat or curved 
surfaces is to maintain good thermal contact be- 
tween heating unit and work surface. If the body 
to be heated is a casting, the mounting surface 
should be machined when possible. Ends should 
be free or buckling may occur. The preferred meth- 
od of mounting is with clamping plates bolted to 
work on 3 to 4-inch centers. Either studs, screws 
or welding bolts can be used for anchorage. Typical 
applications are shown in Fig. 24. 

Curved strip units for wrapping around tubing 
offer an additional problem where clamps cannot 
be bolted to the work surface. One satisfactory 
method, employs a circular metal clamp with a 
small expansion gap left between the ends of the 
strip unit. 

INSERTING: Maintenance of surface contact in 
hole or slot mountings of strip, tubular, and car- 
tridge heaters is hampered by lateral expansion 
and contraction forces. One satisfactory method 
is to provide a few thousandths allowance in the 
slot or hole so that a tight fit is obtained at operat- 
ing temperature. For the tubular and cartridge 
units, lubrication with some type of graphite lubri- 
cant is often effective; assembly and removal are 
facilitated and small air spaces are filled assuring 
good conductivity. A hole leading into the end of 
the unit which is equal in diameter will facilitate 
removal of the unit if it should seize. Effect of 
removal forces can be minimized by placing a heavy 
end disk on the one end. Where the heated surface 
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is moving, flexible leads provide protection from 
abrasion or mechanical injury. Several methods of 
mounting are shown in Fig. 25. 

IMMERSING: Satisfactory methods of immersion 
are through the side, or through the bottom of the 
container. Either threaded, flanged or welded con- 
nections are suitable. High watt ranges of immer- 
sion heaters necessitate their being covered with 
liquid throughout the effective heating length. In- 
stallation should be close to the container bottom 
to assure good convection circulation. Uniform heat- 
ing is thus assured. Space should be provided below 
heating unit to eliminate danger of air pockets 
insulating surface and causing hot spots. When 
heated length extends over 24 inches, supports 
should be used to prevent sag. In some instances, 
over the side mountings can be used where removal 
from liquid may be necessary. 

NATURAL CONVECTION MOUNTING: Bolted end 
mountings are most satisfactory. Maximum air 
movement is achieved by locating strip or tubular 
units at the bottom of heated area. For uniform 
heating, units should be located at sides or, where 
a high degree of uniformity is desired, on top, 
bottom, sides and ends. Where explosive vapors 
are present or damage to heating units is imminent, 
location should be outside the heating area to as- 
sure safety of operation. 

FORCED CONVECTION MOUNTING: For maximum 
heat transfer, fin tubular or strip units should be 
installed transverse to flow with bolted end mount- 
ings. Adjacent rows of units preferably should 
be staggered. However, such an arrangement does 
restrict flow to a certain degree. Units should be 


25—Left—Methods of installa- 
surfaces with strip, 

















Heater Heated material 
ns . ol f . 

















Terminal 


cover Strip heater 


- Cartridge unit 
slip fit inhole 


MACHINE DESIGN—December 1953 


| thermostat 











Fig. 26—Dead air space formed by in- 
pi material reduces converted 
heat losses from backside of heating 
| unit 
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installed so that they are not energized at rated 
voltage in still air. Square or rectangular duct in- 
stallations are desirable where practical; ratio 
of side lengths should not exceed 1'%-to-1. 

INSULATING AGAINST HEAT Loss: In general, 
efficiency and economy of operation dictate the use 
of insulation when operating temperatures go 
above 200 F. For installations involving air heat- 
ing under continuous operation, insulation at even 
lower temperatures may be worthwhile. 

Contact between insulation and heating unit 
sheaths should always be avoided. Otherwise, ex- 
cessive temperatures will build up in localized areas 
and possibly lead to premature failures. Where 
possible a sheet metal baffle should be interposed 
between the sheath and the insulating material, 

Dead air space, or the dead air space formed 
by the different insulating materials, insures 
against converted heat losses. Radiation losses 
may be reduced by using a bright reflecting sur- 
face behind the heating unit. One satisfactory ar- 
rangement is shown in Fig. 26. 

For liquid heating, side wall and bottom insula- 
tion can reduce radiation loss by 10 to 25 per cent. 
Where practical, insulated covers for exposed liquid 
surfaces can further reduce radiation and evapora- 
tion loss by £0 to 80 per cent. 


Controlling Temperature: Perhaps one of the 
most significant advantages of electric heating 
lies in its controllability. Automatic regulation may 
be achieved through any of a number of thermo- 
static devices or manual switching may be used to 
assure a watt input equal to the energy being used. 
By using two units having equal ratings with a 
three-position switch, three separate heat capa- 


cities can be obtained. Still further combinations 
are made possible by three-phase connections, 
which can be changed from delta to wye connec- 
tions as described previously. 

Automatic temperature regulation may be ob- 
tained with on-off controls such as the bulb or 
bimetallic thermostats and pyrometers or with 
continuously regulating devices which vary the 
watt input according to the temperature, Fig. 27. 
Accuracy of control desired and the character- 
istics of the application will be deciding factors. 
Location of the control should be such that meas- 
urements are made in an “average” heat zone. 


Recent Developments: Several comparatively new 
innovations in resistance units offer additional 
possibilities for specific applications. Most are de- 
signed for low watt densities and shape flexibility. 
In Fig. 28, two types are shown, a woven unit con- 
structed of wire and asbestos strands and a lami- 
nated type in which resistance wires are sandwiched 
between two sheets of asbestos paper. Inexpensive 
and complete with insulation, these units may be 
readily molded to fit the contours of curved sur- 
faces. Watt densities range from 5 to 10 watts per 
square inch at ratings of from 6 to 660 volts. 

Printed circuit techniques also provide a flex- 
ible heat generating unit, Fig. 29. These coat- 
ings can be bonded to a wide variety of materials 
ranging from plastics to metals. Uniform sur- 
face heating, low element temperatures and effi- 
cient energy exchange are achieved at temperatures 
up to about 400 F. Especially suitable for irregu- 
lar contours, these units can be used at ratings up 
to 250 volts ac or de and provide loadings of 1.5 
to 5 watts per square inch. 


_..«Fig, 27 — Proportional heat 
«tcontrol is to te 


of slittin ives 
: welled to formed. units 


‘which operate at 1000-1200 
F and are rated for 80 watt at 
12 volts. The knives cut nylon 
and rayon to ribbon width, 
heat fuses the edges to prevent 

raveling 
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Fig. 28—Above—-Woven and laminated 

heating units for low watt density appli- 

cations can be readily molded to fit the 
contours of curved surfaces 
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APPLYING ELECTRIC HEAT 


Another unique type of element is shown in 
Fig. 30. Identified as film resistors or conductive 
coatings, these elements consist of a thermosetting 
resin pigmented with certain discontinuous con- 
ductors. They are usually sprayed or painted on 
a surface and cured. Operating at temperatures 
up to 350F and at voltages from 6 to 220 ac 
or dc, these elements can be applied to metal or 
nonmetal surfaces and provide watt densities up 
to 30 watts per square inch. Surfaces up to 50 


Fig. 29—Printed circuit heating elements, 
bonded to plastic and metal surfaces provide 
uniform heat at temperatures up to 400 F 


Fig. 30—Below—Film resistors, sprayed or painted on 
surfaces and cured, are used at temperatures up to 350 F 











square feet or as small as '%-square inch have 
been successfully heated. Coating thickness vary 
from 0.002 to 0.010-inch and several methods of 
terminal connection can be used. 

Flexible serpentine coils of element wire beaded 
with refractory insulation are useful for surface 
heating at temperatures up to 1000 F. They can 
be readily coiled around pipes, cylinders and odd 
contours. Available in lengths up to 25 feet, their 
wattage capacities range from 5 to 20 watts per 
lineal inch. Their flexibility permits them to be 
tied in knots if necessary. 

Several other types, recent and not so recent, 
also deserve mention. Silicon carbide rods, prima- 
rily employed in furnaces, are suitable for radiant 
heating purposes but are not as rugged as other 
types. A variety of flexible heating tapes and 
cables for wrap-around uses are also available. 
Lead or neoprene-sheathed cables for temperatures 
up to 165F can be used around pipes or valves 
to safeguard operation under low temperatures. 
The tapes are available in different constructions 
varying from glass fiber braided to plastic in- 
sulated types. 

For low temperature radiant heating, glass panels 
with conductive coatings offer advantages of large 
radiating surfaces and simple installation. Maxi- 
mum temperatures which can be reached on the 
work surface are somewhat lower than can be ob- 
tained with other methods. 


Summary: Successful application of electric heat 
requires a thorough understanding of the basic 
laws of heat transfer as well as of the problems 
involved in electric heating. Intelligent appraisal 
of any application must give full recognition to the 
fact that an electric heating unit is a constant 
energy device and will develop its rated power 
output regardless of the surrounding ambient con- 
ditions. Dangerous environmental conditions, both 
for personnnel and equipment, can result if design 
is not established on a well-rounded knowledge of 
the considerations involved. 

On the other hand, electric heating units offer 
a real challenge to design ingenuity. The applica- 
tions mentioned in this article are only suggestive 
of the many possibilities inherent in this modern 
method of heat generation. Full realization of the 
benefits of electric heat in built-in machine units 
will, in the final analysis, rest in the designer’s 
hands. 
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They Say... 


“Too often the scientist or engineer is regarded 
more as a diabolical inventor of weapons of de- 
struction than as a patriotic citizen who helps de- 
fend his nation. Too often he is seen as a mate- 
rialistic exponent of a gadget civilization rather 
than as a vital ingredient in the economy that has 
made America the wonder and envy of the world. 
Between us, we must bend every effort toward re- 
placing these false notions of your activities with 
a truer regard for the manifold contributions you 
have made and are making to our way of life. We 
must let people know that the major objective of 
scientists and engineers is to make the world a 
better place in which to live and work.”—JOHN T. 
RETTALIATA, president, Illinois Institute of Tech- 
nology. 





“Tt has been said that the employment of medi- 
ocre research personnel at low salaries, rather 
than top-flight personnel at high salaries is ‘penny 
wise and pound foolish.’ Like most generalities, 
this one needs a closer inspection. The mere pay- 
ing of high salaries obviously does not create a top 
research man. But the problem of getting and 
keeping top men is still one of the most harrying 
of all the problems that confront a research pro- 
gram. In my opinion, a specific effort must be 
made by industry to interest good men in research 
work, and to train and develop more research engi- 
neers for the constantly expanding programs that 
lie ahead.”—LESLIE R. GROVES, vice president, Rem- 
ington Rand Inc. 
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CANNING the field 





V aRiaBLe PISTON DIS- 
PLACEMENT for control of 
pressure and fluid flow is ob- 
tained with a clever stroke- 
adjusting mechanism in a 


radial-piston hydraulic pump aE 


designed to operate at high 
speeds. Developed by Hamil- 
ton Standard Division of 
United Aircraft Corp., the 
Hydromatic pump employs a 
pivoting track ring to regu- 
late the pumping action of 21 
radia! pistons reciprocating in a rotor re- 
volving about a fixed center at speeds up 
to 9000 rpm. 

In operation, the piston heads bear 
against the inner surface of the track ring 
- mounted in a ball bearing gimbal which 
pivots about a knife edge. Pumping cycle 
is obtained by the eccentricity of the track 
ring. The pistons are forced toward the 
center of rotation on the pumping stroke, 
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centrifugal force holds them out on the in- 
take stroke. Eccentricity of the track ring 
is controlled by a servo unit actuated by 
system pressure. Infinite variation of out- 
put characteristics over a wide range is 
achieved by the pump which permits ad- 
justment of piston travel from zero to full 
stroke at. speeds down to 3750 rpm. For 
special applications, other pressure control 
mechanisms can also be employed. 








































Convection TUBE COOLING of 

enclosed gear drives reduces temper- 

ature buildup and simplifies dissipation of in- 

ternal heat. In the Convecool worm reduction 

unit, a design developed by Schofield and Samson 

Ltd. of England, two nonferrous tubes passing 

through the oil supply substantially increase the 

effective radiating surface available for heat re- 

moval. By mounting the tubes at a slight angle, 

a natural convection circulation is produced by 

the heat radiated at the tubing inner surfaces. 

The cooling tubes pass through the reservoir of oil, 
assuring high rates of heat transfer. 


Accurate CONTROL of liquid levels 
is accomplished with a novel switching 
mechanism utilizing a magnetic “linkage.” 
In the Magnetrol liquid level control, a 
permanent magnet is employed to transmit 
float movements to a mercury switch, elim- 
inating the mechanical or electrical link- 
ages conventionally employed. Position of 
the permanent magnet is controlled by a 
magnetic piston attached to the float. At 
normal operating level, the piston holds the 
magnet firmly against the side of a non- 
magnetic cylinder, establishing one circuit 
of the mercury switch. As the liquid level 
recedes, the piston is carried down with 
the float, releasing the permanent magnet 
from the influence of the magnetic field. 
Gravity and spring action cause the magnet 
to swing-out, reversing the circuit of the 
mercury switch. Moving parts are kept to 
a minimum by the design which reduces 
maintenance problems and assures positive 
control response. 
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| IDEAS 


C onsTANT-TORQUE clutch design 
developed by Buffalo Machinery Co. 
automatically compensates for fric- 
tion variations and can be preset to 
disconnect at a prescribed load. Tor- 
que transmission accuracies of +5 
per cent are assured by a unique con- 
struction which maintains a constant 
friction force at the contact sur- 
faces. Successful applications of the 
design have been made in torque ca- 


Worm adjustment 


Torsion 
spri 


Fast 
thread 













Driving disk 


pacities varying from 5 to 1500 inch- 
pounds. 

Operation of the clutch is controlled 
by a torsion spring assembly which 
applies a predetermined torque to a 
friction disk mounted to a fast screw 
on the input shaft. This spring action 
drives the disk into engagement with 
a mating disk on the driven member, 
the thrust developed being a function 
of the applied spring torque. Trouble- 
some effects of variations in the co- 
efficient of friction caused by chang- 
ing surface or load conditions are 
thus eliminated by the design which 
automatically adjusts the friction 



















force to deliver a constant torque. 
When an overload occurs, the driving 
disk overcomes the action of the tor- 
sion spring and backs up on its thread, 
permitting the clutch to slip until 
loads return to normal. Adjustment 
of the torsion spring is accomplished 
externally through a worm and gear 
arrangement, without requiring dis- 
assembly. 





Driven disk 




























IDEAS 


T orsionau LOAD CONTROL in a novel spring suspen- 
sion for trailer axles prevents unbalanced force reactions 
on mounted frames and provides straight, level tracking 
of towed equipment without equalizing bars. The “Level- 
Load” axle, an American Steel Foundries-Linco develop- 
ment, utilizes a one-piece forged construction and a spring 
leverage action to absorb loads and cushion road shocks; 
torsion spring mountings control the movement of two 
offset wheel spindles which function as crankarms and 
deflect identically through a limited arc under load. Axle 
loads are always shared equally by the springs and a 
level frame position is maintained regardless of weight 
distribution. In addition, 
the design simplifies in- 
stallation; reduces nec- 
essary frame clearance; 
eliminates surging, rock- 
ing and swaying; and 
facilitates installation 
and disassembly. 








F LOATING SHEAR SEAL design 

minimizes flow losses and simplifies 

assembly and maintenance problems 

in solenoid valves developed by Val- 

cor Engineering Corp. The design 

employs a carbon-graphite disk, loose- 

ly inserted in a solenoid actuated 

ae plunger, to act as the sealing element 

re and control flow in two directions 

foisercctedts» = pone through the valve. Fluid pressure 

seals the disk securely against mating 

faces on the valve seats, eliminating 

the need for spring loading or auxil- 

iary sealing means. Valve life and 

effectiveness are increased by an in- 

herent self-cleaning and self-lapping 

action during operation. Precision fits are eliminated 

by insert type construction, facilitating repair and re- 

placement. In addition, pressure drop through the 

valve is kept to a minimum by a straight-through 
path of flow. ; 
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How to Prevent 





By R. S: Sherwood © 
Consulting Engineer 
Worthington Corp, 

Harrison;. Ned: 


IL FILM whirl is an elusive problem which 
can sometimes require the expenditure of 
quite a bit of time, effort and money in its 

solution. A rational approach to its minimization, 
however, can eliminate some of the costly effort 
when encountering the problem for the first time. 
The procedures presented in this article for solving 
the problem of oil film whirl may also serve to 
forewarn the designer of potential whirl and in- 
dicate methods for steering the bearing design away 
from danger areas. 

Oil film whirl of plain journal bearings is a con- 
dition in which the center of the journal travels 
in an enclosed path about the center of the bear- 
ing in the direction of journal rotation, Fig. 1. 
When this condition exists, frequency of whirl is 
normally something less than one-half journal rota- 
tional frequency and occurs at a definite frequency 
—not erratically. Further, oil film whirl seems to 
occur largely in lightly loaded journal bearings. 
However, it does not follow that all lightly loaded 
journal bearings will be afflicted with oil film 
whirl. Some outside exciting force seems required 
to start this whirling action. 


Types of Journal Instability: Other forms of 
journal instability sometimes produce effects similar 
to oil film whirl, worth mentioning as a further 
attempt to isolate oil film whirl, are: 

SHAFT DEFORMATION: If a shaft at rest, supported 
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by clearance journal bearings, is heavy enough to 
have substantial elastic deformation, the center 
of the journal will not necessarily coincide with 
the center of the bearing. Rotation of this shaft 
occurs about its elastic axis rather than a line 
through the centers of the bearings. Thus, if the 
shaft passes through a critical speed, the center 
of the journal may rotate in a closed path about the 
bearing center but at the same frequency as the 
journal. This is not oil film whirl. 

HYSTERESIS: Newkirk! has shown that a journal 
can whip because of internal friction or hysteresis 
in the material of the rotating element. Internal 
friction of a material subjected to a cyclically vary- 
ing load produces a condition in which stress is 
not zero when strain is zero—also the converse. 
A very clear exposition of the result of this hys- 
teresis is given by Shaw and Macks?. Frequency 
of this type of shaft whirling will usually be very 
near the natural frequency of the rotor or shaft. 
However, the shaft can whirl at all rotative speeds 
above the critical speed if sufficient hysteresis is 
present in the material. Thus, this type of whirl 
is different from the oil film which is discussed here. 

Dry FRICTION WHIRL: Still another form of shaft 
whirl can exist either as the journal starts initial 
rotation, or under action of heavy loading. This 
condition—dry friction whirls—takes place when 
metal-to-metal contact occurs between the journal 


1. References are tabulated at end of article. 


































and the bearing, and the journal rolls on the bear- 
ing. Frequency of this type of whirl can be vastly 
larger than the rotational frequency of the shaft. 
If such a condition exists for sustained periods 
of time (it doesn’t have to be minutes), enough 
heat energy can be released to cause complete 
bearing failure. As a further distinction from oil 
film whirl, the direction of dry friction whirl is 
opposite from that of shaft rotation. 


Causes of Oil Film Whirl: Although oil film whirl 
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Fig. 2—Stability chart for determining zones of 
stability and instability for 120-degree centrally 
loaded clearance bearings with a length-diameter 
ratio of 1 
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actuallly develops within a plain bearing, its symp- 
toms and bad effects are experienced in the re- 
sonant response of the rotor, which usually cannot 
be tolerated. For example, a rotor carrying a gear 
supported on plain bearings may vibrate and clatter 
so badly during oil film whirl that an immediate 
change of rotationa! speed is required. Yet being 
sure that oil film whirl is the cause of the trouble 
is far from easy. 

In 1925, Newkirk? established that oil film whirl 
results from the action of thick film lubrication in 
a journal bearing. This he did by the novel, but 
not obvious, device of stopping flow of oil to a 
journal bearing undergoing whirl. When the oil 
flow was stopped, whirl ceased. 

Although a lightly loaded high-speed journal 
bearing may seem to develop oil film whirl without 
any external exciting force, the exciting force ap- 
pears to be necessary. As will be shown later, a 
thick-film lubricated bearing has potential in- 
stability which can sustain oil film whirl once the 
center of the journal beings vibrating. Yet the 
same bearing, if not disturbed, may operate with 
the centers of the journal and bearing at a fixed 
relative position, and no oil film whirl develops. 

Studies*> of the action of thick film journal 
bearings have established that potential instability 
capable of sustaining oil film whirl exists. These 
same investigations show that maximum frequency 
of oil film whirl in an unloaded ideal journal bear- 
ing (no end leakage) is one-half the journal rota- 
tional frequency. A concise treatment of this point 
is presented by Shaw and Macks,? who prove that 
the general hydrodynamic equations for a dynamic- 
ally loaded sleeve bearing of infinite length (neglect- 







Fig. 3—Methods of elim- 
inating oil film whirl by 
reducing load-carrying area 
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ing friction forces) can be satisfied with either of 
the following conditions: 

1. Center of the journal stationary with respect 
to the center of the bearing. 

2. Center of the journal rotating with respect to 
the center of the bearing at a maximum fre- 
quency of one-half shaft rotational frequency. 

An outside force is required to start oil film 
whirl. However, once it begins, it will sustain it- 
self by action of the oil film alone unless there 
is sufficient damping within the bearing to bring 
the journal center to an equilibrium condition. 
Further, if the lowest resonant rotor frequency is 
less than one-half shaft rotational frequency, oil 
film whirl may possibly be sustained from this con- 
tinuous exciting force. 

In a real journal bearing (with end leakage and 
some load), frequency of oil film whirl is generally 
considered less than one half the shaft rotational 
frequency. Cases have been reported in which the 
frequency of oil film whirl in actual bearings was 
greater than one-half shaft rotational frequency.® 
But in view of the limiting frequency established 
from fundamental considerations of ideal journal 
bearings, what was called oil film whirl may not 
have been that alone. It is not too difficult to mis- 
take oil film whirl for some other form of shaft 
whipping. 


Practical Remedies: Theoretical considerations of 
the remedies for oil film whirl are covered in the 
Appendix. Practically, the problem of oil film whirl 
in a journal bearing may arise either during the 
design stage or after the bearing is in service. In 
the former case, the emphasis is on prevention; 
the latter requires remedial action. The design 





Fig. 4—Bearing cap for increasing bear- 
ing pressure by means of special grooving 
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OIL FILM WHIRL 


engineer has to be able to prevent as well as remedy 
oil film whirl. These two approaches can be con- 
sidered separately. 

PREVENTING OIL FILM WHIRL DURING DESIGN: In 
the design stage, it is desirable to recognize whether 
a journal bearing may be susceptible to oil film 
whirl in order that preventive action can be taken. 
How can this be done? 

An excellent paper by Hagg and Warner’ pre- 
sents a criterion for shaft stability which now has 
the increased validity of an extensive experimental 
program. Previously this criterion had largely 
mathematical basis. 

Basically, these authors have established that 
zones of stability and instability, Fig. 2, can be out- 
lined for particular bearing configurations on charts 
having dimensionless abscissas (»N/P) (R/C)? and 
ordinates CN2/g by lines representing various -val- 
ues of the rotor parameter CN,?/g (see Nomen- 
clature). 

In practice, CN ,?/g is computed for the shaft to 
determine the particular rotor parameter line. Eval- 
uation of CN?/g and (y»N/P) (R/C)? for the actual 
bearing then establishes a point on the chart. If 
this point is below the line, the bearing design is in 
a stable region. Several other stability charts are 
also presented for other L/D ratios and load carry- 
ing angles. Another stability criterion is in terms 
of eccentricity ratio and related attitude angle.® 

What is the lowest resonant rotor frequency, and 
what is the shaft rotational frequency? Both the- 
ory and practice suggest that the lowest resonant 
shaft frequency should be more than half (say 0.6) 
of the rotational frequency. This will not always 
prevent oil film whirl, but it will always minimize 
the disturbance. Rotor stiffness should be adjusted 
to give a suitable relationship between lowest res- 
onant frequency and rotational frequency. How- 
ever candor requires mentioning that large central- 
station generators often have rotor critical speeds 
less than one-half running speed with rare incidence 


Nomenclature 





C = Bearing clearance, inches 

D = Bearing diameter, inches 

= Eccentricity ratio, e/C 

Bearing eccentricity, inches 
Gravitational acceleration, ft per second? 
Oil film thickness, inches 

Length of bearing, inches 

Shaft speed, rpm 

Lowest critical rotor speed, rpm 

Oil film whirl frequency, rpm 

Bearing pressure, psi 

R = Radius of bearing, inches 

Z = Absolute oil viscosity, centipoise 

un = Absolute oil viscosity, reyns (lb-second/in.?) 
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of oil film whirl. 

Is the bearing to operate at high speed and light 
load? These are relative terms; however, actual 
experience is revealing if not particularly signifi- 
cant. Shaft surface speeds above 100 feet per sec- 
ond have been considered high speed, and oil film 
whirl frequently has been observed above this value. 
However, surface speed really is not a suitable cri- 
terion. Neither is shaft speed alone. But shaft 
speed and bearing pressure considered together are 
of interest. Newkirk® indicates some results where a 
2-inch diameter shaft experienced oil film whirl at 
22,000 rpm and 133 psi bearing pressure. Yet this 
bearing, after being shortened operated at 30,000 
rpm at a bearing pressure of 266 psi without oil 
film whirl. These numerical values are not to be 
given undue significance, for a bearing with much 
lower pressures (or even no bearing pressure) 
might whirl at much lower speeds, particularly ver- 
tical bearings with small radial loads. 

Whenever the design engineer gets out of a speed 
and bearing pressure range known to be safe, he 
may have to hedge against possible oil film whirl 
difficulties. One of the surest ways is to design in 
such a manner that the bearing pressure can be in- 
creased if this is needed. Frequently, this means 
being able to shorten the bearing. 


Redesigning to Eliminate Whirl: Other shaft dis- 
turbances have some similarity to oil film whirl, so 
in an actual practical situation it is absolutely nec- 
essary to be sure that oil film whirl exists. If true oil 
film whirl is present, a reed-type tachometer will 
give two readings; one at the shaft speed and the 
other at less than half the shaft rotational speed. 
Such information is usually good evidence. For- 
tunately, a number of practical remedies for such 
designs exist which are worthy of attention. 

Increasing bearing oil film pressure is a way to 
eliminate oil film whirl. Only two methods of in- 
creasing bearing pressure will be considered. One 
involves reducing the load-carrying area of the 
bearing; the other involves loading the top of the 
bearing to increase downward pressure on the jour- 
nal. 

The load carrying area of a bearing can be re- 





duced by shortening its length, decreasing its di- 
ameter, or increasing the size of the chamfer at 
the bearing split, Fig. 3. Frequently, the shaft di- 
ameter cannot be changed because it may already 
be established from strength or critical speed con- 
ditions. Also changing the shaft size may cost too 
much. 

Shortening the length of a bearing is practical 
and relatively easily done if the original design 
gave any consideration to this possibility. Reduc- 
ing the length of a bearing has more effect on in- 
creasing the bearing oil film pressure than might be 
expected at first glance. In bearings where the 
length-diameter ratio, L/D, is about 1, for exc:mple, 
further reduction of length appreciably increases 
bearing oil film pressure because the effective load 
carrying area is abnormally influenced by end leak- 
age. 

Newkirk and Grobel!® developed designs for bear- 
ing caps which have the effect of increasing oil pres- 
sure in the top half of the bearing. One of these is 
shown in Fig. 4. Such a construction is suitable 
for rotation in only one direction. Also, it is not 
suitable for ring-oiled bearings or bearings in which 
the oil must be admitted in the center of the bearing 
cap. 

In the Appendix, theoretical consideration of rem- 
edies for oil film whirl show the beneficial effects of 
large eccentricity ratios. In that section theoretical 
consideration is given to variation of bearing pres- 
sure, oil viscosity, shaft speed, clearance, and bear- 
ing diameter. Since at this point practical consid- 
erations are being discussed, some of these theoret- 
ical items can be eliminated immediately as being 
impractical. A design or machine may have to run 
at constant speed. However, if shaft speed can be 
changed, a reduction should be contemplated. Also, 
bearing diameter often cannot be changed appreci- 
ably (more than clearance changes) because the 
shaft diameter may depend: on conditions outside 
the bearing; if it can, effect of the change has been 
previously noted. 

Three variables, which from theory have bene- 
ficial effects on eccentricity ratio, also have some 
practical significance. These are bearing pressure, 
viscosity, and bearing clearance, Of these, bearing 


Fig. 5—Variation of whirl to shaft-rotational 
frequency with changes in eccentricity ratio 
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pressure has been covered separately. Sometimes 
oil viscosity depends on outside conditions such as 
when the same oil is used to lubricate the gear teeth 
and the shaft bearings of a speed reducer. On 
many installations, however, it is perfectly possible 
to experiment with viscosity changes as a means 
of eliminating oil film whirl. In fact, experimenta- 
tion may be the only way to determine accurately 
the effect of viscosity change on oil film whirl; ex- 
isting theory and practice don’t always agree on 
the end result of a viscosity change. Theory sug- 
gests reducing viscosity if oil film whirl exists, ac- 
complished practically either by putting in a lower 
viscosity oil or by running the existing oil at a 
higher temperature. If the oil supply system has a 
heat exchanger, this may be regulated to permit a 
higher operating oil temperature. As always, 
proper judgment must be applied to such a remedy. 
Reducing viscosity reduces film thickness, which is 
desirable up to a point. The film must be thick 
enough to pass foreign matter in the oil safely, for 
example. Going to the left of the knee of the curve 
in Fig. 7 can be disastrous. 

From a practical viewpoint, it would not be too 
difficult to change the clearance of a bearing which 
operates with oil film whirl. The question is wheth- 
er to increase or decrease the clearance for bene- 
ficial results. It is perfectly possible to show a de- 
sirable effect from increasing clearance on eccen- 
tricity ratio (see Appendix). But experimental 
verification of the end results of a clearance change 
is lacking, so it is only prudent to proceed carefully. 
If the first remedial action must be correct, some 
other method should be tried, such as increasing 
bearing oil film pressure. 


Summary: Several conclusions seem worthy of 
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OIL FILM WHIRL 


similarity to other bearing disturbances, is charac- 
terized by a rotation of the shaft about the center of 
the bearing at a frequency which is normally less 
than half the shaft rotational frequency, and is in 
the same direction as shaft rotation. 

An outside exciting force is necessary to start oil 
film whirl in a journal bearing. However, once es- 
tablished, oil film whirl will sustain itself by action 
of the oil film alone unless sufficient damping is 
present in the bearing. When lowest resonant shaft 
frequency is less than half shaft rotational fre- 
quency, oil film whirl may be sustained indefinitely. 

Increased bearing pressure produces a larger ec- 
centricity ratio and normally has the effect of stop- 
ping oil film whirl. Oil film whirl can also be min- 
imized by use of bearing caps which increase the 
oil pressure in the cap. At the time of design, the 
lowest resonant shaft frequency should be estab- 
blished at a value greater than one-half the shaft 
rotational frequency. 





Appendix—Theoretical Remedies 





When oil film whirl is encountered in a bearing for 
the first time, the urgent need for a practical remedy 
may lead to indiscriminate use of the trial and error 
method. If several factors are changed at the same 
time, as is done on occasion, causes and effects are 
often difficult to set in proper relation. Therefore, it is 
highly desirable to have sufficient grasp of theoretical 
considerations to evaluate practical remedies and ac- 
tions effectively. 

Bearing eccentricity ratio is a characteristic which 
serves as an excellent vehicle for theoretical study of 
variables influencing oil film whirl. Eccentricity ratio 
for any given journal and bearing varies exactly as 
the distance between journal and bearing centers 
changes. Further, there is a relationship between ratio 
of oil film whirl frequency to shaft rotational fre- 
quency and the eccentricity ratio. 

The results of work done by Swift! on variation of 
ratio of oil film whirl frequency N, to shaft rotational 
frequency N as the eccentricity ratio changes are shown 
in Fig. 5, for an ideal bearing of infinite length. In an 
actual bearing, the ratio of N,/N would be lower at 
each eccentricity ratio than is shown by the figure; in 
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Fig. 7 — Change in coefficient of fric- 
tion with ZN/P for a full journal bearing 


















reality the lowest value of N,_/N would be more like 
0.3 rather than 0.4. 

A most desirable condition prevails when N,/N is 
as low as possible, simply because severity of oil film 
whirl will be minimized if it does occur. To achieve the 
lowest value, Fig. 5 indicates a preference for larger 
values of eccentricity ratio Z. 

The question may be asked whether it is possible to 
change the eccentricity ratio enough to have real bene- 
ficial effect on oil film whirl frequency. Assume a 
reasonable possibility of increasing ZH from 0.4 to 0.6 
in Fig. 5. At H=0.4, N,/N=0.45; at H=—0.6, N,/N= 
0.420. If the shaft has the same rotational frequency in 
either case, the higher eccentricity ratio produces an 
oil film whirl frequency about 7 per cent lower than 
at the smaller eccentricity ratio. This is worth going 
after, because frequently the speed at which a shaft 
may whirl is a matter of 10 per cent higher than the 
speed at which whirl disappears. 

At this point, the variables that have an effect on 
eccentricity ratio HZ must be considered. Eccentricity 
ratio is a function of bearing pressure P, viscosity uz, 
speed N, clearance C, and journal diameter D. As a 
dimensional equality (not numerical), this relationship 
can be expressed as 


(EN " 


where @ indicates function. The arrangement of the 
several variables in Equation 1, resulting from the tech- 
nique of dimensional analysis, is clearly presented by 
Faires.!2 Fig. 6 taken from work by Howarth!’ in- 
dicates the numerical relationship between FE and the 
dimensionless group for an ideal full bearing. 

Preference is for larger values of eccentricity ratio 
E, as outlined previously; results from changes in P, 
uw, N, C and D can be evaluated from Fig. 6. At the 
same time, Fig. 7 is of interest because it enables us to 
take friction loss and minimum film thickness into ac- 
count. Fig. 7 is a slight variation of a table by McKee.!4 
Also, eccentricity ratio can be expressed as: 


No 
2 — (2) 
C 
This equation results from straight forward geometry 
of position of the journal with respect to the bearing. 


E=>=1 


Bearing P-:essure Variation: Inspection of the di- 
mensionless symbol group in Equation 1 indicates 
immediately that increasing P is a step in the right 
direction, as it gives not only the preferred higher 
values of E (see Fig. 6) but the lower and better 
values of N,/N. Simultaneous consideration of Fig. 7 
shows that as P increases (Z and N constant) friction 
loss decreases which is desirable, and h, also decreases. 
Also, inspection of Equation 2 shows decreasing h, to 
result in a larger eccentricity ratio # if clearance C 
is constant. Thus this reasoning simply confirms what 
is already known; if oil film whirl occurs in an actual 
situation, it can be minimized by increasing bearing 
pressure. 


Oil Viscosity Variation: Consideration of Fig. 6 shows 
that as » decreases a larger eccentricity ratio results 
which, in turn, leads to more-desirable lower values of 
N./N. And Fig. 7 indicates a satisfactory action 


through decrease of friction loss and thinner film thick- 
ness h,. From Equation 2 the effect of decreasing h, 
is to increase eccentricity ratio which is helpful in re- 
lieving oil film whirl. Increasing oil temperature, thus 
decreasing viscosity, might also be a help in reducing 





168 





oil film whirl under certain circumstances. 


Shaft Speed Variation: There is no need to belabor 
this variable, since the line of reasoning is becoming 
familiar. Suffice it to say that, if possible, journal 
speed N should be decreased when oil film whirl is en- 
countered. Decreasing N also leads to larger eccen- 
tricity ratio and preferred lower N,/N. 


Clearance Variation: A look at Fig. 6 suggests that 
increasing clearance might be helpful as a means of 
getting a more favorable N,/N by increasing eccen- 
tricity ratio. However, Equation 2 shows that what 
happens to h, and bearing stability when both EF and C 
are changed is not so clear, particularly when the rate 
at which C and £ changes are different. Although 
several numerical examples which the writer has 
worked out yield smaller h, for an increase in clear- 
ance C it appears wise to compute the effect on h, 
when considering an increase of clearance. By a dif- 
ferent approach, Hagg!® comes to a similar conclusion 
regarding the effect of changing clearance. In general, 
increasing values of C/D are attended by a decrease 
in friction loss and film thickness; this holds if Z, N 
and P are steady. 


Bearing Diameter Variation: Effects of a change 
in bearing diameter D can be explored in several ways. 
If other factors are constant, decreasing diameter in- 
creases bearing pressure, which may be considered 
desirable. In considering the effect of changes in clear- 
ance, the general effect of C/D changes has already 
been noted. Therefore, it would appear that decreasing 
diameter would have beneficial effects on friction loss 
as well as resulting in a smaller h. 
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They Say... 


“In your preoccupation with your slide rule you 
cannot safely leeve to others—to the economists 
and politicians end lobbyists—the larger job of 
defending the way of life which was made possible 
by your own contribution.”—-CHARLES E. WILSON, 
General Electric Co. 
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hard 
vinyl 


plastics 


A structural material 

with good corrosion re- 

sistance, nonplasticized 

polyvinyl chloride is easi- 

ly fabricated by welding 
or machining 


By M. J. Pagerie 


Vice President 
American Lucoflex Inc. 
New York 


INDING wide use today as corrosion-resistant 
} prsncranc materials, Fig. 1, nonplasticized 

vinyls have several outstanding properties, 
among them excellent stability in the presence of 
moisture, easy machinability and weldability, and 
resistance to a broad range of chemicals. Hard- 
ness and structural rigidity in hard polyvinyl 
chloride are due principally to the omission of 
plasticizers which can bleed out, causing a spongy 
structure. Thus, in many of their properties, non- 
plasticized hard vinyls surpass the so-called “rigid” 
vinyls, which do contain plasticizers. 

Low water absorption of nonplasticized vinyls, 
compared with typical rigid vinyls, is shown for 
two different temperatures by Fig. 2. The higher 
temperature of 176 F is the recommended maxi- 
mum operating temperature for the nonplasticized 
vinyls. A thermoplastic, hard polyvinyl chloride 
has good structural properties, TABLE 1, which 
make possible the use of rigid assemblies without 
structural support other than that supplied by the 
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Weight Increase (per cent) 









Fig. 1—Above—Valve for heavy chemical 
operations, fabricated entirely from nonplas- 
ticized polyvinyl chloride 
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Table 1—Properties of Hard Polyvinyl! Chloride 








Specific gravity .. TITTTITVIT TTT TT ITTTITTiiir rt “14 
Pe CY GED nn cdei. cuda caus tebundascecccs cae 8600 
Elongation (%) .. 0n¢bes be 6e0600s0c6écnnnesieenbenbe 6.2 








Modulus of elasticity (psi) 3.510 
Compressive strength (psi) 11,000 
Flexural strength (psi) Soccete bangs cesaens 13,200 
Izod impact strength, flatwise (Ib-in./in. notch)............. 0.761 
edgewise (lb-in./in. notch)............. 0.571 

PN, TORE BD. on 0.0. 60:60. cb 000005 006560566460 4000 ctees 121 
Scleroscope oeeeeeen SOS SebS Cec ceccesetes 65 
BB: PTT TTT TT Terre TEE 86 

eee Gieeeseiee MONE GD. ccc cdomcedés cede ckccksceccuccesscus 177 
Linear coefficient of expansion (per deg C)................ 610-5 
(per deg F) .......... 3.3-4.5x10-5 

es: BOE. coc vedic epee ce bbeee bs bawhe 0656025004 0086 64 008 0.32 
Thermal conductivity (Btu/hr/ft?/deg F/in.) . 2.8x10-4 
Gee CUUGTRREIO CH) coc ccccccccceoccsccceeccecscesesesus 430 










































Fig. 3 — Self-support- 
ing (not reinforced) 
tank for handling con- 
centrated sulphuric 
acid, built up from 
machined and formed 
plastic parts welded 
together 


Fig. 4—Typical hard 
vinyl valves and 
fittings 






Table 2—Chemical Resistance 
of Nonplasticized Vinyls* 





Reagent? _ a “Temperature —_ 


20C “ec 60 C 


Mineral bases 


Ammonia (100) ..... ictetehase an x x 
Ammonium ee (dil. ¥ coouneueee a x 
PE ED den ceed etctceccnceeesnece a x 
DE (ED wesechacecdecdcneseeeseese xX x 
Mineral acids 
Arsenic anhydride (dil.) (80) ........ x x 
Carbonic (all) Seer eC x x 
Chromic (all) errr ee ee x 
Hydrochloric, gas (all) ° ssbaene dbs 1a8 x x 
aqueous (30) (37) oeeen x x x 
Hydrofluoric (46) .....ccceeeeceeecees x 
Hydrofluosilicic (30) ........-e+-+e++. Zz 
ED Satceabsancceacestonctcae x 
2/3 Nitric (70) plus 1/3 
hydrofluoric (46) .... x 
Perchloric (72) x 
Phosphoric (30) sedibincsenssane ae x x 
GHP be cbcccedisccnaecesas x 
Selenic (sp gr 1.4) tebheweedek, ae 
Sulphuric (40-80) x x 
(95) eese eeee x 
Sulphur dioxide, gas or. sol. (all). oceee x 


Mineral salts 
Aluminum chloride (dil.) ........+.+.. x x 
(sat.) x x x 
sulphate (dil.) xX x 
Ammonium chloride (dil.) .........+.. x x 
nitrate (sat.) x x x 
sulphate (dil.) ........4.. x x 
GORE.) cccscncoecs x x x 
Borax (sat.) : pt TOS x 
Copper sulphate (dil. > Cie ten heeee kes x x 
GERD cccecccccadeses x xX x 
Ferric chloride (dil.) ..........+se0+:. x 
Potassium bichromate (sat.) ......... x 
chloride (sat.) x x x 
cyanide (sat.) x x x 
Zine chloride (dil. or sat.) x x x 
ers ree x x 
Organic products 
Acetic acid, aqueous (25-85) x x 
(95) x 
CP sc evaseeces x X 
Butyl acetate (100) x 
alcohol (100) ketveedseseeces ae 
Carbon tetrachloride (100) .......... x 
Chloroacetic acid (100) eeave x X 
Citric acid (10) . (aeteas Senecneeun “ae 
Ethyl alcohol (dil.) eee xX 
DE MD GED Sskcb cs cedeccateees x 
PRED GEE) 0 cccc cc cccscccecce x x x 
Formic acid (50) (100) .............. X x 
Glycerine (all) .... és x x x 
Lactic acid (100) .. x 
Laury! chloride (100) x 
Methyl alcohol (100) x x 
Oxalic acid (dil.) x x 
Miscellaneous 
Hydrogen peroxide (30) tiie ae 
Photographic developers (various) ere xX 
Sea water (100) ....... . o° x x 





*x indicates resistant. +Concentration in parentheses. 
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Table 3—Electrical Characteristics 
of Hard Vinyls 





Dielectric strength, 60 cycles, short-time, %-in. ........... 419 


step by step, %-in. ........... 357 
Dielectric constant, 1000 cycles. .......ccccccccvcccccccecccs 3.2 
Be Gh wb 16.06 Gabe hike 0h bese ew enn es 3.0 
SP GHG, Ty Gs o:0:0'0 ho ctr isaiccccececssesas 0.02 
Se? GS. 60 05 Cb eblnw 0644550050665 0840 0.01 
ES Te Gin aia vans unos 66.0064 000440000800 0006008 0.07 
Be GN é4.00 09 409600 044.0008 6010 60h 00600 0.04 

BS CD . GIR o.6k 605:069:44 0550600680800 eee 65 






plastic itself, Fig. 3. Structural strength is main- 
tained to an adequate degree at elevated tempera- 
tures; tensile strength is 13,800 psi at —55 F, and 
2900 psi at 160 F. 

At ordinary temperatures, hard polyvinyl chlo- 
ride is unaffected by mineral acids, bases, salts, 
chlorides, oils, grease, gasoline and carbon tetra- 
chloride in various concentrations. It is, however, 
susceptible to some organic solvents, such as aro- 
matic and chlorinated hydrocarbons, esters, ethers 
and particularly ketones. Resistance to a number 
of common chemicals is shown in TABLE 2, Be- 
cause of its resistance to aging and oxidation it 
is suitable for many applications where oxidative 
corrosion is a problem. 

The plastic is self-extinguishing and nontoxic. 
Translucent in thin sections and slightly opaque 
in thick sections, hard vinyls have an amber to 
light or medium-tan color. Electrical character- 
istics are shown in TABLE 3. 


Forms: Nonplasticized polyvinyl chloride is fab- 
ricated primarily by welding or machining. Gran- 








ular resins are, however, available for molding and 
extrusion. Typical forms and maximum size ranges 


are: 








Tubing—OD to 6 inches 


Welding rod—triangular, 0.20 
and 0.28-inch sides 


Sheet—1/64 to 1 inch thick 


Block—3 inches thick, 
20 by 20 inches 


Bar—to 2% inches diameter 
Additionally, fittings and valves for piping appli- 
cations requiring corrosion resistance, Fig. 4, are 
also available. 


Welding: Average standard sheet thickness for 
welded assemblies such as liners and inside duct- 
ing is ¥%-inch. Sheets are joined by using rods 
of 0.060 to 0.160-inch thick material or of stand- 
ard triangular shape with the aid of a hot-air jet 
gun, which directs a restricted flow of preheated 
air at the weld point. Welds of this type, if prop- 
erly done, have been found to be better than 80 
per cent efficient. The weld, which is completed 
in one pass, is homogeneous, since rod and mate- 
rial are identical; there is no brittle area or zone 
of chemical or physical weakness as with metals. 


Machining: Sawing, drilling, cutting, shaping, 
planing and milling are accomplished on conven- 
tional equipment. Hard vinyls, however, are ther- 
moplastics, and surface softening occurs if heat is 
developed too rapidly during any machining opera- 
tion. Rate of heat development is dependent pri- 
marily on tool design, sharpness, cutting speed and 
feed. Turning, facing, boring and chasing opera- 
tions can be carried out satisfactorily if ordinary 
metal cutting tools are modified by increasing front 
and side clearances to reduce frictional heat and 
facilitate chip removal. 





PNEUMATIC chuck closing, spindle advance 
and return combine to reduce cycle time, not 
including cutting time, of a new end-finishing ma- 
chine, to 1.5 seconds. Chuck and spindle air cyl- 
inders are controlled by a foot switch. Movement 
of the switch closes the chuck, the work locating 
stop is pivoted clear by a small air cylinder mount- 
ed on the side of the clamping unit and the spindle 
is advanced through the machining cycle. An ad- 
justable stop automatically retracts the spindle 
when the cut is completed. 

Designed for work up to 3 inch OD, the Pines 
Series 700 machine has a 2-inch stroke and maxi- 
mum spindle speed of 2000 rpm. Applications in- 
clude light turning chamfering and pointing bar 
stock, shaping tube or rod ends and center drilling. 

Total space required for the machine is 26 inches 
wide, 57 inches long and 45% inches high. Machine 
dimensions are 20 inches wide and 39 inches long 
with 6-inch chuck overhang on the width and 18- 
inch overhang of the spindle unit to the rear. 
Weight, complete with pneumatic cylinder, is 850 
pounds. 
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Pneumatic Operation Speeds Finishing 






















CONTEMPORARY DESIGN 


Vibrating Pistons Supply Air Pump Pressure 






RECIPROCATING arma- 
ture with a piston on 
each end is the pumping ele- 
ment of Reciprotor air pumps 
supplied by Gram & Ander- 
son I/S of Copenhagen, Den- 
mark. Operating from 220 
volts ac, the pumps have a 
power consumption of about 
60 watts, although this con- 
sumption can be reduced by 
use of a sliding rheostat or 
variable transformer to about 
5 watts. Pumps are available 
with piston diameters of 
1%, 1% or 1% inches, and 
different models have been 
designed for continuous (8- 
hour), normal (1 to 2 hours of continuous use), and intermittent (%- 
hour) service. Maximum pumping capacity is 1.4 cubic feet per minute, 
depending upon type of pump; maximum pressure is 30 inches of mercury. 














































Vibrator consists of an armature which (not shown) and at the ends of the cylinders. 
is magnetized by a system of permanent mag- Nylon piston rings require no lubrication. Cool- 
nets, thus eliminating the need for rectification ing is accomplished by the air passing through 
of the alternating current to separate it into the pump. Rubber damping blocks and rubber 
positive and negative pulses. Oscillating at the mounting cushions help minimize vibration. Al- 
frequency of the ac power source, the armature though cylinder sleeves are hard chrome-plated 
and pistons have a maximum stroke of %-inch. steel and permanent magnets are special steel, 
Heavy springs provide the necessary resonance most working parts are of light metal, protected 
and permit greater vibration at normal pumping by cadmium plating, or light-gray varnish on 
loads. Check valves are provided in each piston exterior parts. 


Permanent Permanent - magnet 
Domping magnets Armoture crossbor 
blocks 
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Providing a meeting ground for all those concerned with 
e the design of mechanisms 

this first Conference was planned | 
¢ to sharpen focus on essential elements in design, 
® to present realistic design methods, | 
e to describe uniquely successful applications. 
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Mechanisms and 
Their Classification 


By Allen S. Hall Jr. 


Professor of Mechanical Engineering 
Purdue Universitv 
Lafayette, Ind. 


HE past ten or fifteen years have seen in this 
country an accelerating increase in attention to 
the improved design of mechanisms. This has been 
stimulated in part by need for improved performance 


as operating speeds were increased, with attendant 
inertia problems, and in part by the rapidly growing 
importance of automatic computing and control equip- 
ment. The increasing use of fluid and electrical 
equipment, instead of tending to render mechanical 
devices obsolete, seems to have created new demands 
for them. In some cases new respect for the sim- 
plicity and reliability of well-designed mechanical 
systems has been generated by the expensive trial 
substitutions of more “modern” electronic equipment. 

Although the art of devising mechanisms is old, 
it is by no means old-fashioned. The field is far from 
sterile. You who are designing better cams are as 
much leaders in technical progress as the man who 
designs a better television circuit. 


The beginnings of the machine designer’s art 
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Fig. 1 — Screw mechan- 
isms: a, general screw 
mechanism; 6, a fluid 
screw mechanism; c, its 
rigid body equivalent 
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Fig. 2—Below—Plane crank mechanisms of which the simplest, and at the same time the 

most important, are the 4-bar linkage and the slider-crank: a, inversions of the 4-bar linkage; 

5, variations of the slider-crank through expansion of pins; ¢c, a pump mechanism consisting 

of an inversion of the slider-crank with expanded pins; d, Oldham coupling, one form of 
the double slider mechanism 
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MECHANISMS 











are lost in prerecorded history. The use of rollers for 
moving heavy objects, the bow and fire drill, and the 
wheel are probably among the earlier accomplishments. 
The art progressed to impressive heights with little 
assistance from the basic sciences. We know, for ex- 
ample, that quite satisfactory toothed gearing was 
being built long before the theory of tooth shapes 
was explained mathematically. 


Reuleaux: “Mechanisms” or “applied kinematics”, 
as a distinct area of study with some reason to be 
called a science, is generally considered to have 
started around 1875, with the publication by Franz 
Reuleaux of the first volume of his Theoretische 
Kinematik.1 This was translated into English the 
following year by A. B. W. Kennedy? and has had 
a great influence on all subsequent texts. 

Prior to Reuleaux machinery seems to have been 


tReferences are tabulated on Page 180. 


Fig. 3—Space crank mechanisms: 





studied by description of complete machines. Little 
attempt was made to analyze basic elements common 
to different machines. Each machine was treated 
as something unique. Of course, to such study there 
is no logical beginning or ending, there is much 
repetition, and little learning of anything that could 
be called “fundamentals” of the subject. 

Reuleaux put the study of machinery on a logical 
foundation by (1) defining “machine” and “mechan- 
ism” in a meaningful, unambiguous manner, (2) 
pointing out basic building blocks from which all 
mechanisms are formed, and (3) establishing a class- 
ification of known mechanism types. Reuleaux’s con- 
tributions went beyond these, but these are what 
we wish to examine briefly in this discussion. 

Reuleaux defined a machine as “a combination of 
resistant bodies so arranged that by their means the 
mechanical forces of nature can be compelled to do 
work accompanied by certain determinate motions’ 


a, spherical 4-bar linkage which in one form is the 


familiar universal joint, or Hooke’s coupling; 6, spherical equivalent of the plane slider 
crank; c, a “wobble” mechanism; d, a general 4-link space mechanism containing two pin 
joints, one cylinder joint and one ball joint 





























Fig. 4—Gear mechanisms: a, pinion and rack; 6, “fluid gear”; c, gear pump; d, mangle 


gear. 


This class contains all the ordinary and epicyclic gear arrangements. 


Reuleaux in- 


cluded the undershot waterwheel as an example of a fluid gear mechanism 
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(as translated by Kennedy). 
The textbooks we use today stick quite closely to 


the Reuleaux definition. For example, according to 
Ham and Crane’, “A machine is a combination of 
rigid or resistant bodies, so formed and connected 
that they move upon each other with definite rel- 
ative motions and transmit force from the source of 
power to the resistance to be overcome.” A mechan- 
ism ... “a combination of rigid or resistant bodies, 
so formed and connected that they move upon each 
other with definite relative motions”. 

The term “mechanism” is used when we fasten 
attention on the motion problem, sufficient strength 
and rigidity being assumed. A machine may, and 
usually does, consist of a number of mechanisms in 
series and/or parallel combinations, working together 
in synchronization. 

Reuleaux recognized the pre-eminence of the joints 










Fig. 5 — Noncircular 
pulleys used in a gas 
velocity meter. The 
class of pulley mech- 
anisms contains all the 
belt, rope and chain 
drives, conveyors, 
hoisting devices, etc. 














Fig. 6—Below—Cam mechanisms 


between bodies as the basic elements in the composi- 
tion of mechanisms. He called attention to the “pairs” 
of geometric elements in which two resistant bodies 
make contact, and distinguished between “higher pair- 
ing” (point or line contact) and “lower pairing” 
(surface contact). He also recognized and placed 
great emphasis on the fact that many apparently dif- 
ferent mechanisms are basically identical (identical 
in the basic chain of resistant bodies), differing only 
through expansion of pairs (example, crank versus 
eccentric), inversion of lower pairs (exchange of 


hollow and solid elements), and inversion of the me- 
chanism (fixing a different link of the basic chain). 
He mentions 30 different patents for “rotary” engines, 
all based on the slider-crank mechanism. 

Reuleaux placed the known basic types of mechan- 
isms in six classes: 


1 
2 
3. 
4. 
5. 
6 


(Schraubentrieb) 
(Kurbeltrieb) 


. Screw mechanisms 
. Crank mechanisms 
Gear mechanisms (Radertrieb) 
Pulley mechanisms (Rollentrieb) 
Cam mechanisms (Kurventrieb) 

. Locking mechanisms (Gesperrtrieb) 





Accompanying illustration, Figs. 1 to 7 from Beyer* 
show some typical members of each class. 

Some such classification scheme is essential as a 
basis for organized study of mechanisms. It would 
obviously be impossible to even read descriptions of 
more than a small percentage of the machines that 
have been invented. But with an adequate classifica- 
tion system as a framework, it is possible to organize 
a study to include typical mechanisms of each class, 
thus insuring a reasonably thorough coverage of the 
subject. Many of our mechanism textbooks use es- 
sentially the Reuleaux classes as a set of chapter 
headings. 









































Fig. 7—Locking mechanisms, so called by the present author because these “locking” mech- 
anisms all contain provision for locking against motion under some set of circumstances. 


There does not seem to be general agreement on the best English word to replace the 


German name for this mechanism class. 


A ratchet and its fluid equivalent are shown at 


a, intermittent mechanisms at 5, and various other forms at ¢c. This class of mechanisms 


also contains escapements, latches, locks, brakes, clutches 
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It is, of course, to be recognized that there are a 
multitude of mechanisms that do not fit precisely 
into any one of the Reuleaux classes. One mechanism 
may contain features typical of two or more classes, 

It should also be emphasized that many apparently 
complex mechanisms turn out, on closer examination, 
to be composed of two or more separate mechanisms, 
each of which is a relatively simple example of one of 
the basic types. It seems to me especially important 
that anyone (teacher, writer, editor, etc.) attempting 
to describe machinery for someone else keep this al- 
ways in mind. Many descriptions of new machines 
appearing in print are difficult to follow because 
neither the words nor the drawings are designed to 
show clearly the separate mechanisms involved, Fig. 9. 

Many subclasses in the Reuleaux scheme have 
been investigated in detail by later writers. The aim 
of such investigations has been to display all con- 
ceivable members of the subclass. An example is the 
paper on “release gears” by De Jonge’. Figs. 10 and 
11 are taken from this source. Investigations of this 
kind constitute one form of “kinematic synthesis’. 


Franke: In 1942 Franke® made suggestions for 
major revisions or extensions in the concept of a 
mechanism. His suggestions have not all won uni- 
versal acceptance, and may never do so, ‘but are never- 
theless stimulating as a fresh viewpoint. 

In his book Vom Aufbau der Getriebe he proposed 
these definitions: “A mechanism is a device for the 
coupling and transformation of energies’. “A machine 
is a mechanism with at least one mechanically moved 
part.” 

The word “mechanism” is here a loose translation 
of the German “Getriebe’’. These definitions include 
a number of things not included in Reuleaux’s. Ex- 
amples are (1) electrical systems, (2) fluid dynamic 
systems, (3) mechanical systems in which the rel- 
ative motions of the parts are not completely de- 
termined by the forms, arrangement, and connections of 
the parts, but are dependent in addition on inertia, 
friction, gravity and spring forces. Franke’s classifi- 
cation of mechanisms is illustrated by Fig. 12 taken 
from his book. 

His main classes are based on constraint: (1) con- 
strained, one degree of freedom in the relative mo- 
tions, (2) partially constrained, devices in which rel- 
ative motions are partially dependent on _ inertia, 


Fig. 8—The arrangement of links and gears in the “Pilgrim 

Step” mechanism, which would not fit exactly any one 

of the Reuleaux classes. It contains features typical of 
both the crank mechanisms and the gear mechanisms 

















MECHANISM CLASSIFICATION 


Fig. 9—Cam-operated sliding block mechanism shown at 
a can be described more easily as at 6 where a skeleton 
drawing is shown and the three mechanisms, which in 
series combination form the total mechanism, are shown 




















Fig. 10—Six subclasses of Reuleaux’s sixth class as dis- 
played by De Jonge 




















Fig. 11—Some of the possible forms of “release gears” 
displayed by De Jonge 
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Fig. 12—Illlustrations of the maia 
divisions in Franke’s classification 
system: a, constrained mechanisms 
(one degree of freedom in the rela- 
tive motions), subdivided according 
to means for maintaining closure 
and according to the coupling 
means employed between input and 
output Jinks; 6, partially con- 
strained mechanisms (energy may 
be stored temporarily or dissipated, 
by elements in series with input 
and output); c, partially con- 
strained mechanisms (parallel paths 
for flow of energy); d, mechanisms 
which change in degree of con- 
straint (controlled externally); e, 
mechanisms which change in degree 
of constraint (self-acting) 











friction, spring forces, etc., (3) devices in which the 
degree of constraint changes during operation. His 
first class contains most of the mechanisms covered 
by Reuleaux’s definition, except locking mechanisms. 
Franke took the pin joint to be the fundamental ele- 


ment in the composition of mechanisms. In other 
words he took the generalized form of any mechanism 
to be a pin-jointed combination, Figs. 13 and 14. 

His concepts in this respect have been subjected to 
criticism on two bases: 

1. The pin joint is a very special form of joint, 
inappropriate in studying general combinations. A 
pin-jointed mechanism cannot be equivalent to a cam 
mechanism, for example, except in constraint. The 
equivalence in motion transmission can be only very 
roughly approximate over a finite range of motion. 
(For a motion instant the equivalence can be exact in 
velocity and acceleration.) However, a cam can always 
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be the equivalent of a pin-jointed mechanism.. It is 
possible to design a cam to transmit any motion 
transmitted by a linkage, but the reverse is not true. 
Hence a cam mechanism would seem to be a more 
“seneral” form than a pin-jointed mechanism. 

2. This concept of the pin-jointed arrangement as 
the general form leads to some unnecessary complica- 
tions. For example, according to Franke’s concepts, 
the generalized form for the roller guide (a 4-link 
mechanism), would be a 12-link pin-jointed combina- 
tion, Fig. 15. 


Sieker: About six years ago, Sieker’ voiced some 
objections to previous schemes (including Franke’s) 
for showing relationships between mechanisms, and 
made some alternative suggestions. 

For plane mechanisms he takes the “roll” joint, or 
its equivalent in constraint, the two-point “skid” joint, 
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Fig. 16a, to be the basic element. The “slip” joint, 
Figs. 16 b and c, he shows to be a special case of the 
skid joint. A further specialization gives the pin joint, 
Fig. 16 d. 

For him the generalized form of any mechanism is 
a combination of bodies in which all joints are either 
roll or skid joints. Thus his generalized three-link 
plane mechanism is a combination of three rigid bodies 
having plane relative motion and constrained by two 
“roll” joints plus one “skid” joint, Fig. 17. This com- 


Fig. 13—Derivation of cam-type mechanism 
from pin-jointed linkage. Part of Franke’s 
argument for considering the generalized 
form of any mechanism to be a pin-jointed 
combination of rigid bodies 





MECHANISM CLASSIFICATION 


bination he considers to be the common ancestor of 
all three-link plane mechanisms. 

In the same spirit he takes the generalized four- 
link mechanism to be a combination of four bodies 
and four roll joints. Particular four-link mechanisms 
are obtained by substituting special joints for the 
general roll joint, Fig. 18. 


Fig. 14—Three different mechanisms for converting vertical recip- 
rocation to horizontal reciprocation, all having the same 6-link pin- 
jointed arrangement as the basic chain form, according to Franke 





























Fig. 15—Roller guide and corresponding chain form in ac- 
cordance with Franke’s point of view 
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Fig. 16—Evolution of pin joint as specialized form of two- 


point skid joint, according to Sieker 
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; Fig. 17 — At a, generalized 
‘ form of all 3-link plane 
mechanisms, according to 
Sieker, along with particular 
3-link mechanisms, 6, ob- 
tained by giving special 
forms to the joints 
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The idea involved here seems to have considerable 
merit. If carried further, extended to three-dimen- 
sional mechanisms, and more examples explained, it 
might well become generally accepted as the uni- 
fying principle tying together the multitude of pos- 
sible mechanisms, and forming the basis for an im- 
proved cla:sification system. 


Conclusion: As a background or framework for un- 
derstanding and study of mechani;mzc we need (1) an 
adequate definition of a mechanism, (2) a classifica- 
tion or grouping of the things we have included in our 
definition, and (3) a unifying principle tying to- 
gether and showing degrees of relationship between 
mechanisms. 

We might compare ourselves to the biologist, who 
(1) defines his field to include all living things, (2) 
assigns all known living things to major classes and 
subclasses in accordance with certain distinguishing 
characteristics, and (3) finds a unifying principle in 
the theory of evolution. 

As the matter stands today we have some alterna- 
tive suggestions to choose from. Speaking for my- 
self, I like Franke’s broadening of the definition to in- 
clude those useful mechanical devices which are only 
partially constrained, but would not include such 
things as purely electrical systems. I also like the 
major divisions in Franke’s classification system. In 
picturing the relationship of various mechanisms to 
each other I like the line of thought put forth by 
Sieker. The ideas of these men, as well as the highly 


Fig. 18—Groups of 4-link plane mechanisms, a and 6, and 
the general 4-link, 4-roJl-joint, combination ¢c, from which 
they are derived, according to Sieker 



































(¢) (b) 




















respected work of Reuleaux, are worthy of considera- 
tion, if only for the stimulation and refreshment they 
provide. 
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Recognition and Treatment 
of Acceleration 


By A. R. Holowenko 


Associate Professor of Mechanical Engineering 
Purdue University 
Lafayette, Ind. 


HERE are three phases, in general, in the design 

of a mechanism. The first phase is the determina- 
tion of the dimensions of a satisfactory linkage sys- 
tem to give a necessary output motion. The second 
phase can be considered as the dynamic ana'ysis where 
the effect of the applied and inertia forces is con- 
sidered, if such are large enough. The third phase 
can b2 considered as the design or proportioning of 
parts. This paper will be directed at the second phase, 
the dynamic analysis, with a brief discussion of the 
effects or inertia forces, with emphasis on the me<th- 
ods of determination of accelerations which is a 
necessary part of dynamic analysis. 

The subject of acceleration is-a peculiar one be- 
cause, by itself, it means very little. Tied in with the 
mass of a body or with the mass moment of inertia 
of a body, by Newton’s equations, the result is of ex- 
treme importance in our everyday design work, wheth- 
er the case be a very special one where linear and an- 
gular accelerations are zero to give us our so im- 
portant equations of equilibrium or whether the case 
be a general one of plane motion. Consequently, ac- 
celerations can lead uz into many areas in design, 
such as velocity analysis, stress analysis, applied 
forces, inertia forces, gyroscopic forces, vibration, bal- 
ancing of engines, fluid mechanics, to name a few. 
Acceleration is related to velocity by its definition as 
the vector rate of change of velocity, while all the 
other phases come from a direct consideration of 
Newton’s equations. Thus, acceleration analysis is only 
a preliminary step in any design, and, from the design 
point of view, I cannot think of accelerations without 
considering the effects of accelerations. 

The consequences of accelerations are very readily 
seen in machines by broken parts or malfunctioning 
of the machine. Fig. 1 shows a scries of enlargements 
from 16-mm film taken at 400 frames per second 
showing the action of the driving wheels of a steam 
locomotive on the rails for one complete revolution 
of the wheel at a train speed of 66 mph with a slipping 
speed, because of greased tracks, of 108 mph. The 
tracks were greased to simulate the conditions pro- 
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ACCELERATION ANALYSIS 































duced by grease on the rails at crossings, frosted and 
wet rails, or wet leaves on the rails. The tests were 
made because damage found in some instances did not 
correspond to what was expected under normal speed 
conditions. Theoretical considerations indicated that 
the type of damage encountered could be developed by 
forced vibrations of the driver wheels at high speeds. 
Basically, however, the trouble lies in the presence of 
inertia forces caused by accelerations. 

One might suppose that an engine without recipro- 
cating parts, as a constant speed gas turbine, would be 
free of acceleration considerations. Such is not the case, 
however, because accelerations are present, plaguing 
the designer in limited speeds that the material can 
withstand. Critical speeds, or whirling speeds, with in- 
ertia forces at the seat of the trouble, cause concern, 
as well as unbalanced rotors. It is interesting to note 
that usually the stresses resulting from the applied 
loads in gas turbine rotors are very small compared 
to the stresses resulting from inertia forces. 

Fig. 2 is another illustration that will bring out 
the effects of accelerations. Let us assume that the 
cam is operating satisfactorily at a given speed. In 
an effort to increase production, the speed of the 
engine is increased, with a consequent increase in 
cam speed. What difficulties might show up? The diffi- 
culties are many, such as wearing of the cam, jump- 
ing the cam, increased wear on the stem or guide, 
breaking of the spring. All of the difficulties would 
perhaps be attributable to accelerations. Replacement 


Fig. 2—Cam and follower system 
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Fig. 1—Action of locomotive wheel at 108 mph, for one 
complete cycle, from 400-frames-per-second 16-mm_ film. 
Photo, courtesy The Timken Roller Bearing Co. 
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of a broken spring by a heavier spring might take 
care of the spring problem, but difficulties might 
be compounded elsewhere as a result. 

Fig. 3 shows a simple rod which is rotating at a 
speed of 900 rpm, let us say. If the speed of the rod 
is increased to 1200 rpm, how much does the stress 
increase? Since the acceleration varies as the square 
of the speed, a 33% per cent increase in speed causes 
a 78 per cent increase in stress. If the speed is in- 
creased to 1800 rpm, the stress is increased four times. 
Other illustrations of effects of accelerations might 


O 
| 


Fig. 3—Left—A sim- 
ple but common type 
of problem 


Fig. 4— Below — An 
example of mechan- 
| isms that cannot be 
j 








readily “analyzed” on 
sight 








be given by reciprocating engine crank pins wearing 
out of round because of the difficulty of maintaining 
proper lubrication with the high inertia forces, noise 
due to vibration, shaking of engines, poor response 
in instrumentation because of inertia. The recogni- 
tion of the results is easy, but the recognition of the 
problem and the analysis of the problem can be diffi- 
cult and time taking. 

Our problem, then, in controlling inertia forces and 
stresses is to control accelerations where possible. 
And to control accelerations, one must be familiar 
with acceleration analyses. My job, then, is to review 
briefly the general principles of acceleration analysis. 

Acceleration is a difficult quantity to visualize, be- 
cause one must be able to visualize both rate of change 
of magnitude of velocity and rate of change of direc- 
tion of velocity. Most of us, I believe, sense accelera- 
tions by the forces causing accelerations. Fig. 4 illus- 
trates a mechanism where link 2 is rotating at a 
constant speed clockwise. Link 4 is a gear rolling on 
a rack. What is the direction of the angular speed of 
link 4? If the motion is apparent, what is the direction 
of the angular acceleration of link 4? Is it a large or 
small quantity? Can it be neglected in the design of 
the system? The feeling of forces can be missing in 
handling such a problem. Accordingly, the only pro- 
cedure is the direct application of the mathematical 
equations used to define accelerations, which requires, 
also, the definition of velocities. The definitions are 
the basis of any acceleration solution, whatever the 
technique used. 
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where both displacement s and velocity V are vectors. 
If the vector representation is to be avoided, then the 
velocity and acceleration can be defined in terms of 
the projection on two rectangular coordinate axes: 
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with the total velocity given by 
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with the total acceleration given by 
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There are two relations necessary to define angular 
velocity and angular acceleration: 
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Fig. 6—Above—Analysis of a shaper mechanism. Steps a 
through d show method of graphical differentiation. At 
e and f velocity and acceleration polygons are shown 


Fig. 7—Below—Different ways of writing vector equations 
for two common situations 
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There are three basic methods by which an accelera- 
tion analysis can be carried out for any given prob- 
lem. Each will be discussed. 


Setting Up Analytical Equations: An equation can 
be set up for the displacement of a particular point, 
using rectangular coordinates. Differentiation twice 
with respect to time gives the acceleration compo- 
nents, which can be combined to give the resultant ac- 
celeration. Such a procedure has been set up for a 
few mechanisms, as the slider crank and various cam 
arrangements, but the equations for accelerations can 
become so unwieldy that usually other techniques are 
used. Fig. 5 shows the equations for a slider crank, 
with approximations usually used in analytical work. 


Graphical Differentiation: A technique which re- 
quires a minimum of background is the graphical dif- 
ferentiation of the displacement. Fig. 6 illustrates the 
procedure. A shaper mechanism, taken for illustrative 
purposes, is shown in a particular position for which 
the acceleration of the slider is desired. The crank is 
assumed to be rotating at a constant speed of 40 rad 
per sec counterclockwise. The position of point C is 
determined for 15-degree intervals of rotation of the 
crank in Fig. 6a, and a plot of displacement-time is 
made in Fig. 6b, with each subdivision of the abscissa 
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cepresenting 15(27)/360(40) = 2/480 seconds. The 
displacement of point C on the actual layout is plotted 
to a scale of 1 inch = 3 inches = % foot. The velocity- 
time curve is obtained in Fig. 6c by taking the change 
of distance in a time interval, considering the change 
of distance as proportional to the slope of the curve 
or velocity, and plotting. The curve is magnified twice. 
By repetition of the procedure, the acceleration curve 
is determined from the velocity curve and is shown in 
Fig. 6d. The acceleration curve is magnified four times. 
The scales for the velocity and acceleration curves are 
given by 
ks 
n(At) 
1 
4 


“4 


180 





= 19.1 ft per sec 
ky 


“m (At) 


= 730 ft per sec? 


where k, is the space scale, m is the magnification fac- 
tor from the displacement to velocity curve, (At) is 
the time interval between two consecutive positions of 





Fig. 8-—Details of velocity and accelera- 
tion analysis of mechanism shown in Fig. 4 
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the slider, k, is the velocity scale, k, is the acceleration 
scale, and m is the magnification factor from the 
velocity to acceleration curve. 

Such a procedure is an approximate one, the error 
decreasing as the time elements are reduced. 

The same procedure could be carried out for a 
point which is not moving in a linear path, such as 
point B, except that the motion of point B would have 
to be projected on two rectangular coordinate axes, 
and the components of acceleration determined graph- 
ically. 

If the crank were rotating with an angular accel- 
eration, the position of point C would have to be de- 
termined for equal time elements, with unequal angles 
of the crank, to have a single scale factor for the 
velocity curve and a single scale factor for the accel- 
eration curve. 

Also, the acceleration curve could be found by plot- 
ting the velocity-time curve found by some other 
means than graphical differentiation and graphically 
differentiating the velocity-time curve. 

The angular acceleration of any link can be found 
in a comparable fashion, where the angular position 
of any link with respect to a fixed line is plotted as a 
function of time. 

For such an approach to any problem, one need not 
have any knowledge of Coriolis’ component of accel- 
eration, or auxiliary points which might be necessary 
tools if the third technique to be discussed is used. 
The problem can become a long, drawn-out procedure 
if the accelerations of the center of gravity as well 
as the angular acceleration of each link were desired 
for a complete cycle of operation for a complete dy- 
namic analysis. 


Application of Analytical Relations to Graphical 
Solutions: A third technique, which requires more 
background, but which gives neat solutions, is the 
application of analytical relations to graphical solu- 
tions. The tools used are the relative velocity and 
relative acceleration equations which afford graph- 
ical solutions, from which, if desired, analytical rela- 
tions may be obtained. 

The relative velocity equation, as V, = V, » V,, or 
Vas = Vag ® Vasa» iS the basis of the velocity polygon 
in Fig. 6e, with the equations given in the order used 
in the solution. 

The relative acceleration equation can be expressed 
differently depending upon the situation. If two points 
on a rigid link are considered, the relation of accel- 
erations can be given by any one of the forms appear- 
ing in Fig. Ta. 

All the equations are identical in results, with varia- 
tions in expressing the relative normal and tangential 
components. 

The relation of acceleration of two coincident points, 
as A, and A,, can be expressed by any one of the 
forms in Fig. 7b. 

By application of the relative acceleration equation, 
as shown with the acceleration polygon in Fig. 6f, 
the complete acceleration polygon can be drawn, from 
which the acceleration of any point can be determined 
quickly, as well as the angular acceleration of each 
link. 

Fig. 8 shows the acceleration polygon for the me- 
chanism shown previously in Fig. 2. The angular 
velocity of link 4 is clockwise, with the acceleration 
of the center of the gear, link 4, being accelerated to 
the left. Thus, the angular acceleration of the center of 
the gear is counterclockwise. The acceleration of 
point A is relatively small compared to the accelera- 
tion of points B and C. The inertia forces of links 3 
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and 4 might be sufficiently large to affect a force an- 
alysis considerably. 

As mentioned before, analytical relations could be 
derived for the acceleration of a point on the basis of 
the velocity and acceleration solutions. In addition, 
geometric properties, as the instantaneous radius of 
curvature of the path of a point in a mechanism, can 
be found from R = V2/,A where ,A is the component 
of acceleration perpendicular to the velocity. 

The dynamic analysis, which utilizes the relations 
=F = MA, and =T =Ia to locate the inertia forces 
at a distance h =Ia/MA, from the center of gravity 
of a link, is beyond the scope of this paper but should 
be considered in the analysis of a machine. 

Designers of yesteryear had a relatively simple job 
with slow-speed engines, where velocities, or the first 
derivative, were the primary concern. Our problem 
in design is complicated by the necessity of considering 
accelerations, or second derivatives. Have we reached 
the limit of analysis necessary? If smoothness of load- 
ing is required, as it must be in high-speed engines, 
we must also consider the rate at which forces are 
applied, or the third derivative, for which the term 
“jerk” has been coined. Some work in this area has 
been done, especially with cams, and I would like to 
close by suggesting that a future Conference on Mech- 
anisms should include a paper on the subject. 


Application and Design 
of Noncircular Gears 


By H. E. Peyrebrune* 


Vice President, Engineering 
Miehle Printing Press and Mfg. Co. 
Chicago, Ill. 


b | iperers the use of noncircular gearing for indus- 
trial applications is relatively recent, this type 
of gearing has been exhibited as a “novelty” for some 
time. In fact, Edwin Fellows used both elliptic gears 
and “square” internal gears as illustrations in his 
1914 patent application for an “Apparatus for Gener- 
ating and Cutting Irregular Gears.” The slow ac- 
ceptance of noncircular gears by machine designers 
probably has the following basis: 

1. Noncircular gears are more expensive to manufacture than 
standard gears. 

2. There is less information available relating to design, wear, 
reliability, etc. for noncircular gears as compared to con- 
ventional gears. 

3. In many cases the designer is not aware of what can be 
accomplished through the use of noncircular gears. 

It is hoped that this paper covering industrial appli- 
cations can dispel some of the doubts relating to the 
reliability of these gears. At the same time the ap- 
plications, along with a discussion of the design of 
such gears, should lead to an appreciation of the 
direct solution to many motion problems that can be 
obtained through noncircular gearing. Basically, non- 
circular gears are those having their teeth arranged 
on a pitch line which is not a circle concentric with 
the axis of gear rotation. Examples shown in Fig. 1 
illustrate some of the variety of shapes included by 
this definition. 


Speedgraphs: To facilitate explanation of the mo- 


*Paper presented by Mr. Albert A. Hess, 
and Mfg. Co. 





Miehle Printing Press 





MACHINE DESIGN—December 1953 


NONCIRCULAR GEARS 


tion performed by the various examples to be con- 
sidered, each set of gears will be presented with the 
corresponding speedgraph, Fig. 2. A speedgraph has 
as ordinates the ratio of the angular displacements 
of the follower to the driver and as abscissa the an- 
gular displacement of the driver. In general, the 
driver is considered as any member having uniform 
rotation and making one complete revolution per cycle 
of the machine. With this understanding, the following 
facts can be established: 

1. The afea under the speedgraph between any two ordinates 
is the angular displacement of the follower when the driver 
moves through the corresponding values of the abscissa. 
This relation is true even if the driver motion is not uni- 
form. Certain obvious checks on the accuracy of a speed- 
graph can always be made for the following conditions: 
(1) If the follower motion is continuous, the total area un- 
der the speedgraph must be some multiple of 360 degrees, 
and (2) if the follower oscillates every cycle, the total area 
under the speedgraph must be zero. 

2. If the driver motion is uniform, the ordinates of the speed- 
graph are proportiénal to the follower velocity and the slope 
is proportional to the follower acceleration. 

Part of the speedgraph in Fig. 2 is dotted and the 
corresponding parts of the theoretic pitch line have 
been cut off in the actual gears. The limitations on 
noncircular gearing which make this procedure neces- 
sary will be discussed in connection with certain of 


the applications. 


Elliptic Gears: Referring to Fig. 3, the particular 
example illustrated is an early application in the print- 
ing industry of the classic elliptic gears. As shown, 
these gears are utilized in a rotary cutter or sheeter 
to convert a continuous web of paper into a stream of 
sheets prior to printing. Depending on the job, the 
sheeter must be able to supply any one of several 
standard sheet sizes at each printing speed. 

In designing such a sheeter, the following problem 
must be faced. The pinch rolls controlling web speed 
are set through change gears to meter an amount of 
paper past the sheeter corresponding to the sheet size 
to be printed. The sheeter must run one-to-one with 
the press (one sheet printed per press cycle) and yet 
at the instant of cutting, the sheeter must travel at 
web speed to prevent tearing. 

As indicated in the illustration, problem of sheeter 
speed is solved by introducing a pair of elliptic gears 
into the sheeter train. These are adjusted to produce 
the required instantaneous velocity corresponding to 
web speed while maintaining the required average 
velocity of the press. 

This application of noncircular gears has little to 
recommend its use over a linkage mechanism since 
all that is required is speed variation. A recent sheeter 
design (reported in MACHINE DESIGN, October, 1952) 
employs an ingenious sliding coupled linkage (Fig. 3). 
to perform the same operation. The linkage mech- 
anism offers two advantages over noncircular gears in 
this case. First, it is more economical to manufacture 
in limited quantities and second, it has a smoother 
range of speed variation. Even though the noncircular 
gears are more compact and more readily balanced, 
these advantages are relatively unimportant for this 
type of machinery. 

In any application of this type where there is not 
one, but a wide range of motions to be covered, 
linkages are better adapted than any gears. Once 


gears are cut their motion is set, but by adjusting the 
pivot in the mechanism shown at the bottom of Fig. 
3, for example, a whole class of motions can be ob- 
tained. 






Noncircular Gears: The examples shown in Fig. 4 






185 








Fig. 1—Master gears used in the manufacture of similar noncircular gears 


were produced from master gears by plaster-mold 
casting. The gear material is bronze; the application 
is a slow-down mechanism between two presses in 
tandem. One of the limitations in noncircular gear- 
ing is illustrated by these examples; namely, the dif- 
ficulty of cutting teeth on a cusp. Later gear designs 
profited from this experience, but these early gears 
had their pitch lines approximated by circular arcs 
and straight lines as a manufacturing expedient. 
This gearing is designed to catch a sheet traveling 
at high speed, slow it down and finally urge it gently 
against fixed stops. While the sheet is stationary it 
is registered before performing the next printing oper- 
ation. Specifically, the gears rotate shafts carrying 
a series of vacuum wheels which contact the sheet 
when it is released from a chain conveyor. These 
slow-down wheels are visible through the cut out of 
the feedboard in Fig. 4. As can be seen from the 
speedgraph, when the slow-down wheels first contact 
the sheet, they travel at or near conveyor speed to 
avoid skidding and possible cocking of the sheet. A 
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constant deceleration then occurs until the sheet speed 
has been reduced to 25 per cent of its original speed. 
As the sheet is registered and starts into the second 
press, the suction is cut off and the slow-down wheels 
are again accelerated to conveyor speed in order to 
catch the next sheet. 

In spite of certain crudities, these gears illustrate 
some of the advantages of noncircular gears. The 
basic objective, inertia control of the sheet, is obtained. 
This is important to prevent skidding or cocking as 
well as to prevent nicking the leading edge of the 
sheet as it stops against the front guides. The mech- 
anism itself shares this advantage since the low forces 
introduced by constant acceleration and deceleration 
reduce the inertia load on the gears. This leads to 
a mechanism that is small but adequate for the job; 
both gears together occupying the space of a man’s 
hand. 

A more compact and equally rugged design employ- 
ing cams or links is unlikely. In fact, a simple linkage 
to approximate the sustained low velocity and the 
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constant acceleration and deceleration has not becn 
found as yet. Any combination of cams, gears, and 
links will introduce additional members with their 
attendant backlash and any attempt to retain the 
same compactness leads to formidable difficulty with 
contact stresses and cam followers. For this applica- 
tion the gears are run without lubricant since oil 
leakage could result in damaged sheets. Fortunately, 
the pitch line velocities are low. This particular press 
is no longer manufactured, but our records indicate 
over twenty years of continuous service for many in- 
stallations. 


Noncircular Gear Mechanisms: A third printing press 
mechanism employs a combination of noncircular gears 
and cams to achieve the motion shown by the speed- 
graph in Fig. 5. This is the drive for a rotary “trans- 
fer”, a device which acts as a fixed stop for register- 
ing a sheet and then as a conveyor to accelerate the 
sheet from rest and transfer it to a constant-speed 
cylinder. In the time left after these operations, the 
transfer quickly completes the remaining half-revolu- 
tion to act as its own slow-down device and gently 
bring the next cheet to rest. 

The first picture, a, in the sequence, Fig. 6, shows 
one of the cam rollers just leaving engagement (end 
of the first cam stroke on the speedgraph). The use 
of cams is necessitated in this application by the dwell 
period required when the sheet is being registered. 
Any attempt to produce this dwell by gearing would 
require a tooth on the follower to remain at the driver 
axis. This undesirable condition holds true even for 
instantaneous zero velocity and to avoid it, the cam 
motion extends beyond the dwell period while the 
corresponding “tail” and “corner” on the mating gears 
are cut off. 

In the second photograph, b, the transfer and cylin- 
der are synchronized; the transfer being driven by 
a true circular segment portion of the noncircular 
gear. The sheet is transferred at this time and exact 
motion is required since both the rotary transfer grip- 


pers and the cylinder grippers are locked on the sheet ° 


for a short period to prevent misregister during trans- 
fer. 

The humps on the gears which are in contact in Fig. 
6 c account for the constant acceleration and decelera- 
tion indicated by the hump in the speedgraph. As 
mentioned previously, the transfer is being rushed 





around to arrive ahead of the next sheet. 

The final shot of this sequence, d, shows a second 
cam roller engaging to complete the cycle and bring 
the mechanism to a dwell position. The parabolic bump 
near the cnd of the speecgraph is produced by this 
cam to give a decreasing rate of deceleration when 
the transfer acts as a slow-down. This particular 
feature of the mcchanism is noteworthy since it allows 
for variations in the sheet position as an overlapped 
stream of sheets moves down the feed board. The 
transfer is fast enough to move in front of a sheet 
that is ahead of normal position and still gently bring 
it to rest. At the same time, the decreasing deceler- 
ation allows a sheet that is “behind” to gradually 
overtake the transfer without bouncing into it with 
a high relative velocity. This is very important since 
any nicks in the leading edge of a sheet makes regis- 
ter difficult. 

Attention is called to the conjugate cams employed 
in this drive. Wherever accurate motion control is re- 
quired (during the time when the transfer acts as 
a stationary front stop in this application) any other 
form of cam is unsatisfactory for printing machinery. 
The use of dual cams and followers allows one roller 
to be preloaded against the other and all backlash 
can be eliminated, effectively welding the driver and 
follower into one member. 

The final example to be considered is the press drive 
shown in Fig. 7. This drive is used to impart a recipro- 
cating motion to a printing press bed. The full poten- 
tential as well as the limitations of noncircular gearing 
ave evident ir. this application. Again both cams and 
gears are necessary in this drive; the cams piaying 
an even greater part than in the previously discusscd 
mechanism. In this case, while the driving gear makes 
one full revolution the follower moves through slightly 
more than 383 degrees. Fig. 8 shows a theoretical pitch 
line for the print stroke and return stroke gears if no 
cams were introduced. As can be seen, the profiles are 
physically possible only if the gears occupy more 
than one plane—both the driver and follower would 
have to be composed of layers of gearing. A second 
limitation that would occur in these gears and must be 
considered in any noncircular gear design is the ques- 
tion of unmeshing. This tendency occurs whenever 
the angle between the polar radius of the curve and 
the normal to the curve make an angle exceeding 
45 degrees on both the driver and the follower. 
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Fig. 5 — Rotary Transfer 
drive speedgraph 
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The limitation previously discussed in connection 
with zero velocity would be present in the theoretical 
profiles along with the difficulties of cutting teeth 
in cusps. These Gordian problems of gear design are 
all unknotted by the time honored method of intro- 
ducing a cut. The actual gears show what remains 
of the theoretical profile when the cutting process 
is complete and conjugate cams are introduced. 

A comparison of the motion produced by this drive 
and the motion produced by an analogous but simpli- 
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fied mechanism, Fig. 9, brings out some of the advan- 
tages to be attained by noncircular gearing. The sim- 
plified mechanism consists of a circular gear rotating 
in one direction with arrangements for sliding the 
gear on its shaft to alternately contact either an up- 
per or lower rack. This imparts reciprocating motion 
to the bed of a press. At either end of the stroke, 


Fig. 6—Rotary transfer mechanism shown (a) coming up to speed, (b) at uniform speed, 
(c) at peak acceleration, and (d) at variable deceleration period 
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the gear runs out of the rack while a roller engages 
a straight cam face forming the closing connection 
between the racks. 

Speedgraphs, Fig. 10, and acceleration curves, Fig. 
11, show what has been gained by more complex gear- 
ing. These curves have been prepared so that the 
linear printing velocity is the same for both cases. 
All results are expressed in terms of the diameter of 
the driving gear used to give the uniform velocity. 
As can be seen, the printing stroke is longer while 
the maximum inertia force has been decreased 25 
per cent by the use of noncircular gearing. Since the 
weight to be reciprocated amounts to 500 pounds 
in this application with instantaneous power require- 
ments (peak) of 40 horsepower, a 25 per cent reduc- 
tion in inertia forces is appreciable. Equally impor- 
tant to the user is the reduced end thrust which means 
less tendency for the machine to “walk” or less strain 
transmitted to the building which houses the presses. 

Along with the tangible reduction in inertia forces, 
the following intangible benefits are received from 
the noncircular gear applications: 

1. The mechanism is compact and can be run submerged in oil. 
2. All cams and gears are practically self-balanced, reducing 

the possibility of self-excited vibrations. 

3. Forces have been reduced without complicating the mech- 
anism train, i.e., at every position only two gears or a cam 
and follower control the motion directly and no intermediary 
gears or links are introduced. 

Item 3 is of primary importance wherever minimum 
backlash is a functional requirement of the machine. 
As pointed out previously, conjugate cams are em- 
ployed in printing machinery to eliminate cam fol- 
lower backlash. For the same reason, direct connec- 


Fig. 7—Flat bed printing press drive with noncircular 





tion between driver and follower is a “must” in such 
a critical item as a press drive mechanism. 

Equivalent mechanisms employing cams and cir- 
cular gears or segments have been studied with the 
view of reducing costs by substituting such gearing 
for the present noncircular gear drive. In the examples 
studied, peak forces have been increased 25 per cent 
when the mechanism is confined in a somewhat larger 
space than that occupied by the present drive. Addi- 
tional problems in preloading cam followers reduces 
the apparent simplicity of such dives and our cur- 
rent production still utilizes noncircular gearing. 

The service history of these gears has been quite 
satisfactory. Production on the particular drive illus- 
trated began in 1946 and over seven hundred units 
are in the field at present. Many of these presses 
run sixteen hours a day and some gear failures have 
occurred. However, most of these failures are asso- 
ciated with other malfunctioning or abuse of the press. 
Perhaps the best testimony as to the efficacy of these 
noncircular gears can be found in our recent improve- 
ment program. All redesign was aimed at components 
outside the noncircular gear drive. 


Design of Noncircular Gears: Having demonstrated 
what achievements are possible through the use of 
noncircular gearing, an outline of the steps involved 
in designing such gearing is in order. 

SPEEDGRAPH: The starting point for the gear analysis 
is the speedgraph discussed previously. When the 
speedgraph is completely determined by the designer’s 
requirements, nothing more can be said. Fortunately, 


Fig. 8—Gear profiles required to eliminate the cams 
used in the mechanism of Fig. 7 
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this is generally not the case. Certain parts of a speed- 
graph will be determined by velocity or displacement 
requirements of the follower; the remainder of the 
speedgraph is constructed from displacement and ac- 
celeration considerations. 

An original speedgraph (dotted line) and its modifi- 
cation are shown in Fig. 12 to illustrate this point. 
In this diagram, the constant-velocity portion in the 
first half cycle is the primary design requirement. As 
shown, this part of the speedgraph has been main- 
tained while cutting the maximum acceleration in 
half. The total area above and below the base line 
is equal in both cases as is necessary for reciprocating 
followers. Once the constant-velocity section has been 
indicated, innumerable curves can be drawn to complete 
the graph, subject of course to the condition that the 
total area be zero. By reducing the problem to the 
selection of a suitable curve rather than to selection 
of an approximating mechanism, attention is focused 
upon the primary consideration in high-speed mech- 
anism design. The advantages of the speedgraph ap- 
proach is that the designer can control the maximum 
accelerations and then develop the gear or gear-cam 
combination which will give minimum inertia forces. 

DRIVER AND FOLLOWER COMPUTATIONS: Once the 
speedgraph has been established, the next step is to 
determine the pitch line or rolling cam surface of the 
gears. This is most readily done in polar co-ordinates 
since both the radii and angular position are obtained 
directly from the speedgraph as follows. Let V = the 
ordinate of the speedgraph at any point, R = polar 
radius of the driver, r = polar radius of the follower, 


Fig. 9—Flat bed printing press drive with shifting 
circular gears 
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L = gear center distance, d@ = angular displacement 
of the driver, and dw = corresponding angular dis- 
placement of the follower. Then R + r = L and the 
pitch lines roll on each other, Rd@ = rdw or R/r = 
dw/d@ = V. Therefore R = LV/1 + Vandr = L/1 + 
V. Thus all polar radii are known once the speedgraph 
is determined and the gear center distance is fixed. 

The angular co-ordinates of the driver are fixed by 
the values of V chosen to determine R and r. The 
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Fig. 10—Above—Speedgraphs for the mechan- 
isms in Figs. 7 and 9 


Fig. 11—Below—Velocity and acceleration com- 
parison for the mechanisms in Figs. 7 and 9 
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corresponding angular co-ordinates of the follower can 
be found by integration of the area under the speed- 
graph between the various values of V. 

The computations for the follower angles are tedious 
and great accuracy is required. This accuracy natural- 
ly depends upon the size of the gear, the final ob- 
jective being to give the polar co-ordinates of a point 
so that it lands within say 0.0001l-inch of where it 
should. On a 36-inch radius this requires at least 
six-place accuracy in angle determination. Even great- 
er accuracy is needed when thought is given to gag- 
ing a gear once it is produced. To gage accurately, 
it is necessiry to compute the gear arc lengths pre- 
cisely, Fig. 13, and determine the polar co-ordinates 
of tooth space locations. Use of Simpson’s rule helps 
in the accurate approximation of arc length, but it 
has been found advisable to carry all computations 
to ten decimal places when dealing with a 36-inch 
radius gear. 

MASTER CAMS: Once these computations are com- 
pleted, the co-ordinates for a series of points on the 
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gear pitch line are tabulated and a cam is cut in 
metal using a jig borer or some equally accurate 
method of placing holes on the pitch line. The inter- 
vening ridges are then carefully filed and a first cam 
is completed. A suitable combination of cam roller 
and cutter is then used to trace this reduced first 
cam and a master cam results. The master cam can- 
not be cut directly by some tangential cutting proc- 
ess because the points given are in terms of polar 
coordinates and the radii are not necessarily normals 
to the curve. 

Naturally, before a complete cam is constructed, 
the designer must ascertain that the complete gear 
is usable. Where gearing limitations make it nec- 
essary to run off onto supplementary cams, it is 
pointless to continue the gear pitch line profile. How- 
ever, the speedgraph will still control the supple- 
mentary cam design. 

At this stage, the design of the gears is complete. 
The master cams are utilized in special adaptations 
of a Fellows Gear Shaper. The problem then be- 
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longs in the realm of special gear manufacture. Suf- 
fice it to say that while such gear production is not 
as straightforward as the manufacture of commer- 
cial gears, it can be done with as much accuracy 
as required. 

Summary: Unfortunately, information on noncir- 
cular gear applications and the method of designing 
is not sufficient to define when noncircular gears 
should be used. A first general rule, confirming pres- 
ent design practice, is to avoid using such gearing 
when a design is not penalized by this action. The 
design and manufacture of cuch gearing are both 
time consuming and, therefore, expensive. 

However, in those cases where a specific motion 
is required and a cam or linkage mechanism grows 
complicated or bulky, noncircular gearing will prob- 
ably be justified and should be considered. Like all 
gears, noncircular gears can be separated slightly 
to allow for manufacturing errors in center distance. 
This will slightly increase operating backlash but 
not to the extent required for a similar compensa- 
tion in a cam mechanism. 

It should be noted that where forces are high, non- 
circular gearing, by maintaining forces in one plane, 
offers distinct advantages over any linkage mechan- 
ism. Basically, noncircular gearing is a powerful tool 
and like all powerful things should be held in reserve 
until a worthy situation calls for its use. The under- 
lying mathematics for this type of gearing has been 
previously covered by Hyman E. Golber and appears 
in his paper, “Rollcurve Gearing”, published in the 
1939 Edition of the ASME Transactions. A complete 
understanding of design and manufacturing principles 
can be acquired by a study of this material. 


Utilizing Irregular Gears 
for Inertia Control 
By W. W. Sloane* 


Vice President, Engineering 
Goodman Mfg. Co. 
Chicago, Ill. 


OMPARATIVELY few people outside of the min- 
ing and foundry industries are acquainted with 
shaker conveyors. 


This type of conveyor consists of 
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a long trough or pan line oscillated longitudinally on 
rollers or ball bearings. The conveyor drive pro- 
duces a conveying action by accelerating the pan 
line in a forward direction at a rate having a unit 
force less than the coefficient of friction of the ma- 
terial and reversing the direction of the pan at an 
accelerating rate having a unit force greater than 
the coefficient of friction. The performance of the 
conveyor depends on the selection and production of 
definite inertia forces in the pan line and in the con- 
veyed material. 

Generally, workable motions have been obtained 
by rather complex crank driven linkages but, where 
the crank shaft was rotated at a uniform velocity, 
the best have fallen short of what was desired. Only 
by varying the crank shaft speed with an irregular 
gear was a practical and highly efficient drive pro- 
duced. Fig. 1 shows such a drive with the pan to 
which the pan line is connected. 

For the purpose of analyzing motions and their 
conveying ability, use is made of a velocity curve. 
Such a curve of pan line velocity as produced by a 
linkage mechanism driven by a constant speed motor 
with a heavy flywheel is shown in Fig. 2. The base 
of this curve is time, the height is velocity, the area 
under the curve is the distance of the pan line from 
the beginning of its stroke, and the slope of the 
curve, as measured by the tangent of its angle to 
the base, is a measure of the force of acceleration. 
The unit acceleration forces are shown by the dotted 
line. 

The area under the curve above the base line shows 
the position of the pan line on the outward stroke 
and that below the base line on the inward stroke. 
A line drawn from the top of the curve to its inter- 
section with the lower part of the curve at an angle 
whose tangent represents the coefficient of friction 
of the material, shows the velocity of the material 
both relative to the ground and to the pan line and 
the area between this line and the curve is a measure 
of the material’s advance during one cycle. 

As the tangent of the end portion of the curve must 
show an accelerating force less than the coefficient 


*Paper presented by L. D. Hagenbook, Chief Engineer, Goodman 
Mfg. Co. 


Fig. 1—Mining shaker conveyor utilizing irregular 
gears for pan drive mechanism 
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Fig. 2-—Velocity and acceleration curves for a shaker 
linkage with constant-speed drive 
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Fig. 4—Velocity curve for a simple linkage system com- 
pared with the ideal desired and velocity change curve 
necessary for linkage modification 


of friction, the speed of the drive must be so estab- 
lished that the steepest parts of these portions of 
the curve show a force within the required limits. 
The fact that other portions are less steep is of no 
benefit and actually indicates a loss of time. 

In the center of the curve the steepest part repre- 
sents the maximum inertia stress in the pans and 
mechanism. From this it is apparent that uniform 
acceleration permits the fastest operation and the 
lowest stress for any given conveying ability. 

A velocity curve for such a motion is shown in 
Fig. 3 with the unit acceleration forces indicated by 
the dotted line. To reduce the shock when the driv- 
ing forces are reversed from one direction to the other 
the change should be made at a uniform rate. This 
is shown by the straight sloping lines in the accelera- 
tion curve. In the velocity curve these produce 
parabolas which join the straight lines. Division of 
the base into 720 degrees is used because the pinion 
shaft speed is constant and the crank shaft speed is 
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Fig. 3—Velocity and acceleration curves for an ideal 
drive utilizing uniform acceleration 
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Fig. 5—Plots of gear speeds relative to pinion speeds 
for a two-to-one drive 


not. The makes two revolutions per 
cycle. 

We have never found it possible to produce such a 
curve by a linkage mechanism alone, but by taking 
the simplest type of linkage and correcting its motion 
by varying the velocity of the driving crank, the de- 
sired ideal motion has been exactly obtained. Fig. 4 
shows, in solid lines, the velocity curve for a simple 
linkage and in dotted lines, the ideal curve. The 
wavy line shows the velocity changes necessary to 
make the linkage motion into the ideal motion. 

The speed variations could have been obtained with 
a pair of irregular gears having an average one-to- 
one speed ratio but ordinarily a shaker drive has 
three speed reductions between the motor and crank 
shaft and to have used a one-to-one set of gears 
would have added two more gears with an extra shaft 
and set of bearings. To avoid this, we investigated 
the possibility of combining the varying speed gears 
with one reduction and found it possible to do this 


pinion shaft 
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with a straight two-to-one reduction in speed. 

To design the gears it was necessary to know the 
required velocity ratios between pinion and gear at 
their various angular positions. As the velocity of 
the pinion in constant and it makes two revolutions 
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Fig. 6—Above—Plot of pinion centers and normal pitch 
diameter to be used 


Fig. 7—Below—Final eccentric pinion and irregular gear 
developed. As much as 60 hp load is normally sustained 
by this gear drive in regular operation without difficulties 
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per cycle, any position on the base of the curve will 
show the position of the pinion if the base is divided 
into 720 degrees. The area of the ideal curve up 
to that point will show the corresponding position 
of the pan line. Such an area under the curve is 
up to the line at C. If a position on the linkage 
curve having the same area, such as at B is located, 
the ‘distance of this line from the starting position 
shows the angular position of the gear if the base 
line is divided into 360 degrees. 

The ratio of the velocities at C and B is the amount 
by which the average two-to-one speed ratio of the 
gears is to be altered for the corresponding pinion 
and gear positions. Determining the corrected speed 
ratios and plotting the gear speeds relative to the 
pinion speeds for the two revolutions of the pinion 
gives the curves as shown in Fig. 5. : 

Gear centers having been established, the pitch 
radii at which the pinion is to operate are determined 
and plotted as shown by the solid line in Fig. 6. By 
trial, the radius and center of a circle most nearly 
approximating this curve is found. This is shown in 
dot-dash lines. The diameter of this circle is the nor- 
mal pitch diameter of the pinion to be used. The teeth 
are to be of standard profile and the pinion is to be 
mounted eccentrically by an amount equal to the dis- 
tance between the two centers. 

As the gears move, the line of contact is continual- 
ly changing, but is always tangent to the generating 
circle of the pinion and passes through the end of the 
pitch radius on the line of centers. Size of the teeth 
must be such that the variations in the pitch radius 




















remain well within the working depth of the tooth 
and a pressure angle must be chosen that will give 
adequate tooth strength, no loss of tooth tips and 
sufficient overlap of tooth contact. 

Only a few teeth were in critical positions but when 
the values for these positions were determined, the 
profiles for both sides of all the teeth were developed 
to make sure the gears would operate satisfactorily. 
The pinion, having a standard involute profile is pro- 
duced in a Fellows Shaper without any special. fix- 
tures except an eccentric arbor. 

To produce the gear, an auxiliary arbor is used. By 
means of cams, this arbor is moved relative to the 
regular arbor so that while the cutter is rotating at 
a constant speed the gear blank is rotating at vary- 
ing speeds of the same pattern that the gear in the 
Shaker drive is to have. The cutter has the same 
contour as the pinion and is mounted eccentrically. 
A round gear blank is put in the shaper and the ir- 
regular contour produced by an eccentric disc cutter. 
The disc cutter is then replaced by a toothed cutter 
and the gear finished. Jig. 7 shows the gear and 
pinion. All the teeth in the pinion are alike but every 
tooth in the gear is different. 

Much more time was required to design this type 
of gear set than would have been needed to design a 
pair of one-to-one irregular gears but one pair of 
gears, a shaft and its bearings have been eliminated 
and only one irregular gear need be produced instead 
of two. It is possible to obtain a speed variation of 
about 20 per cent in addtion to what is obtained from 
the eccentricity of the pinion. In the gears shown, 
the highest speed is 56 per cent above the slowest 
speed. This type of gear and the fixture for produc- 
ing it are covered by patents owned by Goodman Mfg. 
Company. 


A Simplified Approach to 
Linkage Design 
By Philip T. Nickson 


Equipment Engineering Div. 
Raytheon Mfg. Co. 
Newton, Mass. 


NE OF THE ever-present problems in machine 
design is the mechanization of various interrelated 
motions. These motions are usually preassigned, often 





quite arbitrarily, and specify the relationships of mov- 
ing parts or simply the end motion of a single part. 
Illustrations are present in all types of machinery. 
Typical examples are seen in textile machinery, pack- 
aging machinery, printing presses, valve mechanisms 
in steam locomotives, machine tools, automotive equip- 
ment, household articles, instruments, computing de- 
vices and many other common mechanisms. Upon 
closer observation, it will be noticed that all these 
devices are cimply combinations and arrangements of 
basic mechanical elements such as: gear trains, cam 
actuators, cranks and links, sliders, belts and pulleys 
and other rotating and sliding parts. Combinations 
of the crank, link and sliding elements are commonly 
termed bar linkages. These devices are seldom arrived 
at by pure logical design, but result only from the 
efforts of specialists. The simplicity or complexity of 
a mechanism depends wholly upon his experience and 
ingenuity. We often marvel at the ingenuity of some 
particularly intricate linkage design. It is just this 
factor of ingenuity that has limited the use of link- 
ages in machine design. 

For purposes of discussion, these motion devices 
may be defined as either motion generators or func- 
tion generators. Motion generators produce some 
particular motion relationships where the output may 
be restrained to one, two or three degrees of freedom. 
Often, only the two end points and perhaps some in- 
termediate condition are specified, with the in-between 
motion having no particular importance. Function 
generators, on the other hand, have their entire mo- 
tion specified and are restrained to one-degree of free- 
dom, either translation along a line or rotation about 
some axis. Mechanically there is no difference be- 
tween either type. The input-output relationship of 
a function generator may be specified by an explicit 
mathematical expression or by some tabular data, 
whose explicit function is not necessarily known. It 
is in this latter sense that the function generator will 
be considered, where the motion desired is not one for 
which a known linkage exists. 


Cams versus Linkages: The most well known solu- 
tion for a function generator is the cam; flat cams 
for functions of single variables and barrel cams for 
functions of two variables. Aside from the kinematics, 
cam design is very straightforward and consists simply 
of assigning coordinates corresponding to the spe- 
cified functions. Perhaps the least known solution is 
the bar linkage. Both devices have their advantages 
and limitations. 


Fig. 1--Harmonic transformer, a, and four-bar linkage, 6 
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Cams in general require less design effort and are 
able to mechanize discontinuous or jagged-shaped 
functions. Essentially, an infinite number of dimen- 
sions determine a cam profile. High accuracy becomes 
impractical to achieve except at a limited few points. 
In order to limit backlash, the follower must be 
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spring-loaded against the cam surface. This introduces 
high friction forces and may limit the acceleration of the 
driving mechanism. 

As computing devices, linkage mechanisms enjoy a 
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Table 1—Input-Output Requirements for a 
Harmonic Transformer Linkage 








--——— Experimental Data —— Linkage Data —— 
Devia- 
Input* Outputt tion Input Dev. Outputs 
% PN c Cy € yn ® Cy’ 
1501.5 0.0000 83.335 0.0000 0.00 0.0 0.00 0.0000 
1549.8 0.0569 81.578 0.0916 347 0.1 5.33 0.1533 
1598.2 0.1139 79.988 0.1745 6.06 0.2 8.65 0.2865 
1649.2 0.17391 78.507 0.25173 7.788 0.3 10.65 0.4065 
1706.9 0.2419 76.842 0.3384 9.65 0.4 11.52 0.5152 
1756.5 0.3003 75.537 0.4065 10.62 0.5 11.42 0.6142 
1800.0 0.3515 74.427 0.4643 11.28 0.6 10.42 0.7042 
1850.0 0.4104 73.319 0.5221 11.17 0.7 8.76 0.7876 
1900.0 0.4693 72.055 0.5880 11.87 0.8 6.46 0.8646 
1950.0 0.5282 71.198 0.6326 10.44 0.9 3.48 0.9348 
2000.0 0.5871 70.070 0.6914 10.43 1.0 0.00 1.0000 
2050.0 0.6460 69.120 0.7409 9.49 
2100.0 0.7049 68.189 0.7895 8.46 
2150.0 0.7637 67.318 0.8349 7.12 
2200.0 0.8226 66.385 0.8835 6.09 
2249.4 0.8808 65.503 0.9253 445 
2302.2 0.9430 64.792 0.9665 2.35 
2350.6 1.0000 64.150 1.0000 0.00 





*Rotary input required. jfLinear output required, total travel to 
be 0.7553-inch. 1 Normalized Value of ¢, example: (1649.2—1501.5)/ 
(2350.6— 1501.5) —0.1739. 2 Normalized Value of c, example: 
(78.507 —83.335) /(64.150—83.335) — 0.2517. example: 
(0.2517—0.1739)100 7.78. 


% Deviation, 








$Cy’ (e’/100) + gy. 

Table 2—Calculation of Unit 

Harmonic Transformer Linkage 
Oy ri) c* Cy _— e’ Error Zero Set 
0.0 108.6 1.1292 0.0000 0.00 0.00 0.00 0.04 
0.1 117.6 1.0001 0.1502 5.02 5.33 —0.31§ —0.27T 
0.2 126.6 0.8835 0.2859 8.59 8.65 — 0.06 —0.02 
0.3 135.6 0.7787 0.4079 10.79 10.65 0.14 0.16 
0.4 144.6 0.6847 0.5173 11.73 11.52 0.21 0.25 
0.5 153.6 0.6001 0.6157 11.57 11.42 0.15 0.19 
0.6 162.6 0.5235 0.7049 10.49 10.42 0.07 0.11 
0.7 171.6 0.4533 0.7866 8.66 8.76 —0.10 — 0.06 
0.8 180.6 0.3886 0.8619 6.19 6.46 —0.27 —0.23 
0.9 189.6 0.3278 0.9326 3.26 3.48 —0.22 —0.18 
1.0 198.6 0.2699 1.000 0.00 0.00 0.00 0.04 





*Calculated from equation 1; r— 1.000, a — 0.557, Bb — 1.500. 
S$Example: 5.02-—-5.33 0.31. 
Example: A Error S Error/n — 0.39/11 — 0.04; —0.31+ 0.04 — 


0.27 


number of clear-cut advantages over cams, with the 
one exception that the functions must be continuous. 
Linkages are essentially straight members jointed to- 
gether. Only a small number of dimensions need to 
be held closely. The joints make use of standard bear- 
ings and backlash can be minimized by end-loading 
without inducing high friction loads. The links in effect 
form a solid chain and are not subject to uncue ac- 
celeration limitations. High accuracy can be achieved by 
resorting to jig boring and precision grinding, all done 
on standard machine tools. 

Because of the designer’s unfamiliarity with linkage 
techniques, these advantages are often overlooked. 
The purpose of this discussion is to present a simple 
and practical approach to linkage layout. Any de- 
signer with the ability to do accurate drawing layout 
and to perform simple, tabular computations should 
be able to apply these methods. The techniques may 
seem tedious and unrewarding to the novice but after 
a little experience is gained the results should become 
more than gratifying. 


Linkages as Computing Elements: The harmonic 
transformer and the four-bar linkage, shown in Fig. 1, 
are the two bar linkages most commonly used as 
function generators. The harmonic transformer con- 
sists of a crank, connecting link and slider. It may 


be driven from the crank end when a rotary input and 
linear output are desired or from the slide end when 


198 





a linear input and rotary output are required. Two 
cranks and a connecting link form the four-bar link- 
age, whose input and output are both rotary. By 
assignment of correct values to the various param- 
eters, these linkages will mechanize many single- 
variable functions. The selection of these values, 
termed linkage layout, is the subject of this presenta- 
tion. 

Methods are discussed, involving drawing technique 
and tabular computations, for laying out the harmonic 
transformer and four-bar linkages. Considerations 
are given to linkages arranged in series, used to me- 
chanize those functions unmanageable with single 
linkages. Numerical examples are given to further 
illustrate the various methods. In cases where high 
accuracy is required, the final adjustment of param- 
eters, by mathematical methods and by the use of 
correcting devices, is explained. The use of function 
generator techniques in the design of mechanical com- 
puters, for functions of several variables, is given. 
The mechanical details of linkages, involving joints, 
sliders of. high accuracy and base structures, are de- 
scribed and illustrated. 


Linkage Layout: Before considering methods for 
linkage layout, it will be helpful to establish a few 
conventions, shown in Fig. 2. The most important 
one is that of “normalizing’’. Suppose that the motions 
of a linkage are plotted on Cartesian co-ordinates, 
with the input horizontal and the output vertical. As 
an example, if the linkage is a harmonic transformer, 
the input would be the crank position and the output 
would be the slide displacement. Normalizing then 
simply considers these input and output values in 
terms of fractions of their total ranges. Their plot 
would occupy a unit square. This relationship between 
the input and output motion of a linkage, plotted on 
a unit square in terms of normalized values, is called 
the “trace” of a linkage. Normalizing allows for a 
direct comparison of the traces of different linkages 
regardless of the input and output ranges. 

In layout work, the difference between a trace and 
a diagonal line through its end points is often con- 
venient to use. This difference is termed the “devia- 
tion” of a linkage. A reversal in the algebraic sign 
of the deviation, which is the same as obtaining the 
deviation from a mirror image of the trace, is equiv- 
alent to simply interchanging the input and output 
scales. This characteristic of either the trace or de- 
viation becomes useful in some linkage layouts. In 
effect, the deviation may be used to greatly increase 
the scale of the layout. A comparison between the 
trace of a linkage and the required trace is referred 
to the “fit” of the linkage. The actual “error” of 
the fit is the difference between these traces, expressed 
as a percentage. Usually it is sufficient to determine 
the error at eleven equally spaced input intervals 
(each 10 per cent of input travel), depending upon 
the shape of the linkage trace. It should be noted 
that this difference is identical, whether obtained from 
a comparison of traces or deviation curves. In later 
numerical examples, these conventions will be fur- 
ther illustrated. 

Linkage layout is still largely an art, an almost 
personal relationship between the designer and his 
problem. As a general prerequisite to successful de- 
sign, nothing can replace experience. The designer 
has a variety of methods available, but will soon de- 
velop a preference or style of his own. For this 
reason, the methods described below should rightly be 
considered points of view rather than rigid prescrip- 
tions. 

Our experience has shown the following five methods 
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to be useful: they are the overlay method!.5.4, linkages 
in series!;4, atlas method!+5, multiple-computation 
method! and the b? method. The overlay and linkages 
in series methods are semigraphical and involve com- 
putations only for the purposes of checking the fit 
exactly and for improving the fit if desirous. They are 
used when exact fits must be closely approached. Con- 
siderable discussion, together with numerical examples 
of actual linkage layouts, appears later for these two 
methods. In comparison, the remaining three methods 
have proven to be less useful and have been employed 
less frequently. However, these remaining methods 
will be briefly described below. 

As the name might imply, the atlas method makes 
use of a compilation of linkage characteristics. These 
appear in sets of plots or tables, containing the input- 
output data of a variety of linkages. The linkage 
parameters are varied in a systematic manner, cover- 
ing a wide selection. These data may be compiled by 
the designer from his own experience or they may 
be obtained from published sources (for example, the 


1References are tabulated on Page 209. 
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material in reference 5). By comparison of the linkage 
requirements, expressed either as a plot or in tabular 
form, with the atlas, the general region may be 
selected. Since the parameters vary in sequence, visual 
interpolation among adjacent values may be used. 
This method is tedious and generally does not lead to 
very close fits, particularly if the atlas data is very 
wide-spread in the region being explored. However, 
this atlas method is often useful in establishing an 
initial choice of linkage parameters for use with a 
more productive method. 

Probably the most laborious method is that of 
multiple-computation. This method consists of select- 
ing a set of linkage parameters, from which the out- 
put is calculated. By a systematic variation of par- 
ameter and numerous recalculations, a satisfactory fit 
may be obtained. The use of tabular computing meth- 
ods and interpolation between selected parameters 
helps in narrowing-down the process. However, un- 
less some quick method is used to select the initial 
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Table 3—Input-Output Requirements for a Four-Bar Linkage 

















—— Input* Outputt Deviation 
On v vn t 
0 0.0000 —3.8278 0.0000 0.00 
20 0.1429 —1.7936 0.2766 13.37 
60 0.4286 0.2119 0.5493 12.07 
100 0.7143 1.8688 0.7746 6.03 
140 1.0000 3.5265 1.0000 0.00 





*Required range — 55.000 degrees. ftRequired range — 


28.870 degrees. 


Table 4—Calculation of Unit Four-Bar Linkage 








On 0 y* Yw Emech freq Error Zero Set 
0.0000 86.300 165.735 0.0000 0.00 0.00 0.00 —0.03 
0.1429 78.446 173.687 0.2754 13.25 13.37 0.12 0.09 
0.4286 62.727 181.627 0.5504 12.18 12.07 0.11 0.08 
0.7143 47.013 188.074 0.7738 5.95 6.03 —0.08 —0.11 
1.0000 31.300 194.606 1.0000 0.00 0.00 0.00 —0.03 





*Calculated From Equations 4 to 7; r, = 1.0000, r, = 2.1645, a = 


3.1398, b — 1.0823. 


‘Table 5—Calculation of Exact Fit of a Four-Bar Linkage 














Error 
yn" Yreq Ymech Ay (degrees) (per cent) 
0.0000 0.000 0.000 0.000 —0.005 —0.02 
0.2766 7.990T 7.952§ — 0.0381 —0.0432 —0.15 
0.5493 15.841 15.892 0.051 0.046 0.16 
0.7746 22.347 22.347 — 0.008 —0.013 —0.05 
1.0000 28.850 28.871 0.021 0.016 0.06 
*¥, values from Table 3. + Example: 0.2766 x28.850—7.990. 
§ Example: 173.687—165.735 — 7.952; 173.687 and 165.735 
from Table 4. 1 Example: 7.952—7.990 — —0.038. 
2Example: — 2=(Ay)?/n = — .005; — 0.038 

— 0.005 — 0.043. 


parameters, it is practically impossible to arrive at 
a suitable fit. 

The b2 method too involves direct computation. 
However, it usually requires less labor on the de- 
signer’s part and leads towards a more direct solu- 
tion. In the previous methods discussed, the linkage 
parameters are adjusted until the required input- 
output relationship is obtained. This method differs 
in that a function of one of the linkage parameters is 
adjusted to fit the given input and output values. 
In a harmonic transformer, for example, the param- 
eter may be b?, the square of the link length. The 
equations for b? are particularly simple; hence b? is 
easily calculated. If the adjustment is exact, the 
calculated values of b? will be a constant over the 
input range. The object then is to keep changing the 
various parameters until b? is made as nearly con- 
stant as possible. When this point is reached, the 
link length is then equal to the square-root of b?, thus 
completely defining the linkage. The one disadvantage 


Fig. 7—Dimensions of unit four-bar linkage 
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of this method, in addition to the tedious computations 
involved, is that the fit is expressed in terms of b?, 
or b, and not as a direct comparison of output values. 
Even after a satisfactory adjustment of b? is made, it 
then became necessary to make this additional error 
calculation. In both the multiple-computation and b? 
methods, the designer is more or less groping in the 
dark, hoping by brute force to arrive at satisfactory 
fits. 






Overlay Method: As previously mentioned, our ex- 
perience has shown the overlay method to be the most 
productive one for linkage layout. It leads to a more 
apparent and direct solution, thus avoiding the “grop- 
ing” present in other methods. To illustrate this 
method, two numerical examples will be presented. 
The first example considers a harmonic transformer. 
The other one involves a four-bar linkage. 

The input-output requirements for the first linkage 
are in TABLE 1. These data give the results of ex- 
perimental measurements and are typical of the initial 
information handed to the designer. It is specified 
that the input be rotary and the output be linear. This 
requires that the linkage be a harmonic transformer, 
driven from the crank end of the linkage. The out- 
put range is given as 0.7555-inch. Other than being 
rotary, the input range is arbitrary and is left to the 
choice of the designer. Quite often, this input range 
is also specified. 

Input and output data are designated by ¢ and c, 
respectively. The “normalized” values are indicated 
by the subscript N. “Deviation” in percent, is shown 
by «. As seen in TABLE 1, eighteen entries are given 
for the experimental data. As will be shown later 
in the discussion, it is desirable to reduce the data 
to eleven evenly spaced input values. This is accom- 
plished by plotting the deviation, as shown in Fig. 3, 
and then reading-off the desired values, «’, at even 
0.1 intervals of ¢,. From e’, the required normalized 
output, c,’, can be determined simply by dividing by 
100 and adding to the normalized input, ¢,. The use 
of the deviation rather than the normalized output 
greatly increases the scale of the plot and serves to 
smooth-out the data. If the deviation were plotted 
on the same unit square as the trace and if the 
vertical scale were so chosen that the maximum 
point of 11.9 fell near the top line, it would be seen 
that the scale was effectively increased by approx- 
imately eight-times (100/11.9 =~ 8). An increase in 
the actual size of the trace by eight times, would 
accomplish the same result, except that the plot 
would become unmanageable due to its size. These 


Fig. 8—Layout of linkages in series 
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smoothed values of the required output, appearing 
in the last two columns of TABLE 1, are used in laying 
out the linkage. In addition to obtaining evenly spaced 
values, this smoothing procedure becomes important, 
particularly if the experimental data are scattered. 
This overlay method is graphical and starts from 
estimated values of all but two of the linkage param- 
eters, Fig. 1, which are related by the expression: 


c = rcos ¢ + (b2 — (a — rsin ¢)?]* ..........(1) 


where c = output (slide) displacement, r = crank 
radius, ¢ = input (crank) position, a = vertical height 
of slide, and b = length of connecting link. For con- 
venience the crank radius is taken as unity. After 
the ¢ range is chosen, the two parameters to be deter- 
mined are then a and the initial value of ¢,. This link- 
age is referred to as the “unit linkage’. The layout is 
shown in Fig. 4. 

The procedure of the overlay method is as follov®: 

1. Unless otherwise specified, assume a value of 
the ¢ range. For this illustration where the function 
is well behaved, i.e., where the deviation curve is 
smooth and fairly symmetrical, a value of 90 degrees 
is assumed. Our experience has shown values of 60 
to 100 degrees to be workable figures. 

2. Lay out a sector with a radius of unity and an 
included angle of 90 degrees. The actual length of 
the radius on the layout drawing is taken as 5 inches. 
From experience again, this has been found to be a 
convenient scale. 

3. Layoff points on the arc according to the normal- 
ized input ¢,, which in this case is equal] to ten equal 
increments of 9 degrees each. 

4. Assume a value of b equal to 1.500 or 7.5 inches 
in length. The value of b has been found many times 
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to be quite arbitrary and any value between 1.0 to 3.0 
is often satisfactory. 

5. From each point on the arc of the sector trace 
an arc of radius equal to b. As seen in Fig. 4a, the 
pattern of these traces is symmetrical about the sec- 
tor. If the values of ¢, are evenly spaced, as shown 
in this example, it is readily seen that only one side 
of the pattern is required. This symmetry would not 
exist if the ¢, values were unevenly spaced. The 
entire pattern of the traces then would be needed. This 
would unnecessarily add to the drawing process. 

6. On a separate transparent sheet, lay out the 
“overlay”. As seen in Fig. 4b, the overlay is simply 
a series of parallel lines, varying in length, but each 
proportioned off into ten divisions according to the 
required normalized output c,’. The length of the longest 
line is equal to 10 inches. It is convenient to draw 
this overlay with the sheet superimposed on a grid 
system of 10 lines to the inch. 

7. Place the overlay over the traces of the radius b, 
either right-side up or right-side down, and position 
it so that all eleven points on some one line of the 
overlay intersect corresponding traces. This position, 
as shown on Fig. 4c, then establishes the location of 
the slide output of the unit linkage. The two remain- 
ing parameters are scaled-off as: a = 0.557-inch and 
¢, = 108.6 degrees, thus completely defining the 
linkage. 

If a close fit is not obtained for all intersections, in 
step 7, it is necessary to vary either or both the ¢ 
range and b and to repeat the layout. Usually several 
trials are required before a satisfactory fit is obtained. 
However, as in this illustration where the function 
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is well behaved, one or two trials are often sufficient. 
If a satisfactory fit is still not obtained, it will be 
necessary to resort to additional procedures. These 
will be considered later in the article. 

From the now determined parameters of the unit 
linkage, the output displacement is calculated, from 
Equation 1, in TABLE 2. The positional error is shown 
by comparing the mechanized deviation, ¢,,,,, with the 
required deviation, e’. The maximum positional error 
may be reduced by applying “zero set” or a least- 
Squares fit. The expression is obtained as follows. 
Suppose an amount, A, is added to each error value, 
e, then squared and totalled, giving R?. 


(€9 + A)2 + (e; + A)2 + (eg + AD2 +... 


(én + A)? = R2. (2) 


where m is the number of entries in the table, eleven 
in this illustration. R? is made a minimum by setting 
the differential dA/dR equal to zero, from which the 
expression 
> » 
a ‘ e0Od ts Sea dhe See es intel 
n 





is obtained, where <e, is the algebraic sum of the 
eleven error figures. In TABLE 2, A becomes equal to 
0.04 and the maximum error is found to be —0.27 
per cent. Zero set, in effect, is simply a shift in the 
output scale. In this case, tne shift is equal to 0.04 
per cent of the total output travel or 0.0003-inch, to 
the left or in the negative direction of c. 

The required output range of the harmonic trans- 
former was specified as 0.7553-inch. From TABLE 2, 
the travel of the unit linkage is equal to 1.1292 — 
0.2699 = 0.8593 units. By multiplying the param- 
eters of the unit linkage by the ratio 0.7553/0.8593, 
the actual sizes in inches are obtained. They become 
r = 0.8790-inch, a = 0.4896-inch and b = 1.3185-inch. 
The actual linkage is shown in Fig. 5. 

This illustration of a harmonic transformer has con- 
sidered the linkage as being driven from the crank 
end. The same overlay procedure could be used for 
the opposite case, with the linkage being driven from 
the slide end. The only difference would be that the 
arc of step 3 would be subdivided according to the 
normalized output, and the overlay of step 6 would 
be proportioned according to the normalized input. 


Fig. 10—Combination of a four-bar linkage and a harmonic 
transformer in series 
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This would result in unevenly spaced values of ¢y and 
would require that the entire pattern of step 5 be 
drawn. However, the output range is now angular 
and can not be adjusted to an exact value by simply 
varying the scale of the linkage. For such a case, it 
would be much simpler to reverse the algebraic signs 
of the deviations and to consider the linkage as driven 
from the crank end. This would allow the output or 
crank travel to be chosen exactly. The calculated fit 
of the linkage would of course be in terms of crank 
position, rather than in terms of slide displacement, 
as before. 

The input-output requirements for the second link- 
age are shown in TABLE 3. It is specified that both 
the input and output ranges be rotary, thereby re- 
quiring the use of a four-bar linkage. The input 
range is specified as 55.000 degrees and the output 
range as 28.865 degrees. Normalized values and the 
deyiation are determined as before. Inasmuch as only 
it entries are given, it was not necessary to carry- 
out the “smoothing” procedure. In some cases, how- 
ever, it might be advisable to interpolate (mathe- 
matically) when only a few points are given to ob- 
tain the usual eleven points. Only the five points will 
be considered in this example. 

The overlay procedure for the four-bar linkage is 
very similar to that of the harmonic transformer. 
The parameters, Fig. 1, are related by the expressions: 





c = (a2 + 1r,;2 — 2 ar, cos 6)” (4) 
rT 
a = sin-1 (>. sin ¢ ) i hi so cs Gilat eciseoin won abel 
Cc / 
c2 + To _— b2 
B = cos! —— ee ss sin Wale S'S 4 4 yw (6) 
2CT2 
SS Te ~~ 6 ~*~ BG ovine esas is (7) 
where @ input (crank) displacement, r; = input 
(crank) displacement, 7, = input crank radius, y = 
output (crank) displacement, rv. = output crank ra- 


dius, a = distance between crank centers, b = length 
of connecting link, and c, a and £ are according to 
Fig. 1. For convenience, the input crank radius is 
taken as unity, designating the linkage as the “unit 
linkage”. With the 6 and y ranges initially chosen, 
three parameters are determined by the overlay meth- 
od. They are ro, a and the initial value of @. The 
layout is shown in Fig. 6. 

Except for the construction of the overlay, the pro- 
cedure is identical to that for the harmonic trans- 
former. As shown in Fig. 6, the overlay now becomes 
a series of arcs of varying radius, with the included 
angle equal to the output crank range, and propor- 
tioned off according to the required normalized_out- 
put yy. It is seen that each arc is associated with 
a particular radius, thereby introducing the third 
parameter, r2, which must be determined. 

Establish the position of the overlay as_ before, 
with the points on any one arc of the overlay inter- 
secting corresponding points on the traces of the end 
of the connecting link. This position, as shown on 
Fig. 6, then locates the output crank center. Two of 
the parameters are scaled-off from the layout as: 
6 = 86.300 degrees and a = 3.140 inches. The re- 
maining parameter is measured from the overlay as: 
To = 2.164 inches, thus completely defining the unit 
linkage. If some particular value of a is required, the 
linkage may be scaled accordingly. 

The output displacement is calculated in TABLE 4, 
from Equations 4, 5, 6 and 7. Before proceeding with 
the entire table, it is best to calculate only the first 
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Table 6—Input-Output Requirements for a Four-Bar Linkage 
and Harmonic Transformer in Series 





—_—_—-Experimental Da’ —— Linkage Data —— 
Input* Output? Deviation Input Dev. Output 
On c Cy € On e’§ Cy 





1000 0.0000 109.33 0.0000 0.00 0.0 0.00 0.0000 
1090 0.0667 103.63 0.1269 6.02 0.1 8.75 0.1875 
1170 0.1259 98.875 0.2328 10.69 0.2 15.54 0.3554 
1250 0.1852 94.400 0.3324 14.72 0.3 19.25 0.4925 
1350 0.2593 89.547 0.4404 18.11 0.4 20.42 0.6042 
1450 0.3333 85.440 0.5319 19.86 0.5 19.77 0.6977 
1550 0.4074 81.861 0.6115 20.42 0.6 17.62 0.7762 
1650 0.4815 78.724 0.6814 19.99 0.7 14.40 0.8440 
1750 0.5556 75.961 0.7429 18.73 0.8 10.30 0.9030 
1850 0.6296 73.522 0.7972 16.76 0.9 5.45 0.9545 
1950 0.7037 71.333 0.8460 14.23 1.0 0.00 1.0000 
2050 0.7778 69.346 0.8902 11.24 

2150 0.8519 67.520 0.9308 7.89 

2250 0.9259 65.918 0.9665 4.06 

2350 1.0000 64.414 1.0000 0.00 





*Rotary input required, 54.5 deg. tLinear output required. §Read 
from Fig. 9, linkages in series curve. 


Table 7—Calculation of the Unit Four-Bar Linkage for the 
Cambination of a Four-Bar Linkage and Harmonic Transformer 
in Series 





Input-Output 
Requirement Output Calculations 


On "Sa yy 0 ys yy Error Ay 





0.0 0.00 0.0000 117.000 59.069 0.0000 0.00 0.000 
0.1 3.10 0.1310 126.450T 68.483 0.1347 0.37 9.414 
0.2 5.83 0.2583 135.900 77.291 0.2607 0.24 18.222 
0.3 8.00 0.3800 145.350 85.529 0.3786 —0.14 26.460 
0.4 9.55 0.4955 154.800 93.223 0.4887 —0.68 34.154 
0.5 10.00 0.6000 164.250 100.395 0.5913 —0.87 41.326 
0.6 9.37 0.6937 173.700 107.057 0.6866 —0.71 47.988 
0.7 7.82 0.7782 183.150 113.226 0.7749 —0.33 54.157 
0.8 5.70 0.8570 192.600 118.921 0.8564 —0.06 59.852 
0.9 3.05 0.9305 202.050 124.159 0.9313 0.08 65.090 
1.0 0.00 1.0000 211.500 128.960 1.0000 0.00 69.891 





*Read from Fig. 9, four-bar linkage curve. }Example: 0.1 (94.5) + 
117.000 = 126.450 deg. §Calculated from Equations 4 to 7; r; = 
1.000, r, — 0.958, a = 0.552, b — 1.500. . 


and last lines in order to determine the output range. 
It usually will be found that this range differs a small 
amount from that required. To arrive at a more exact 
value, it is necessary to vary the parameters slightly 
and to repeat the calculations until the correct value 
is obtained. Three or four such trial-and-error com- 
putations usually are sufficient. From TABLE 4, it is 
seen that the output range is equal to 194.606 — 
165.735 = 28.871 degrees, compared to the required 
value of 28.870 degrees, with r,; = 1.0000 inches, 72 
= 2.1645 inches, a = 3.1398 inches and b = 1.0823 
inches. The actual linkage is shown in Fig. 7. 

Suppose, for example, that the specified range had 
been 28.850 degrees, rather than 28.870 degrees. Now, 
because the output range of the linkage is not equa! 
to this required value, the usual method of compar- 
ing the deviations will no longer give the exact fit. 
This fact is seen from the definition of the conven- 
tion “deviation”, explained earlier. Inasmuch as the 
displacement is angular or nondimensional, it is not 
possible to adjust the range by assigning a scale or 
size to the linkage, as was true with the harmonic 
transformer. It then becomes necessary to determine 
the fit by comparing the actual displacements, in 
degrees, as shown in TABLE 5. The required output 
displacement, y,eq, is obtained by multiplying the 
28.850-degree range by the normalized values, yy, ob- 
tained from TABLE 4. The mechanized displacement, 
Ymech, iS Obtained from TABLE 4, as the difference of 
successive values subtracted from the first y value. 
Taking this difference and applying zero-set give the 
error values in degrees. In the last column, these 
values are converted to percentages of the required 
range. It is seen that these exact errors are larger 
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than those given by a comparison of deviation values. 
The sum of the squared errors is 546, compared to 
284. In this illustration, the actual difference in error 
values given by either method is small and perhaps 
negligible. But if an exact check of the fit is required, 
this last method should. be used, especially if the dif- 
ference between the required and mechanized ranges 
is large compared to the error values. Because of this 
adjustment of the output range, together with the 
added calculation of the exact fit, the layout of a 
four-bar linkage is always more tedious than that 
for the harmonic transformer. 

These examples show fitting errors on the order 
of 0.3 per cent or less and are typical values that 
may be expected from the overlay method. Only the 
end results are given, and are in no way a measure 
of the labor involved. For well-behaved functions, 
only one or two trials are usually necessary in lay- 
ing out the linkage. In cases where the functions 
are not so well behaved, the designer should be pre- 
pared to make several trials. However, unless good 
drawing technique is practiced, together with lots 
of patience and persistence, this kind of results can 
not be achieved. 


Linkages in Series: In many cases where the devi- 
ation is large and unsymmetrical, it will be found 
that a single linkage will not be satisfactory. It then 
becomes necessary to use linkages in tandem or 
series, with the output of one linkage driving the 
input of the next linkage. Usually, two linkages in 
series are sufficient. For example, a four-bar linkage 
may be used in series with a harmonic transformer 
or with another four-bar linkage. Or two harmonic 


Fig. 11—Layout of two four-bar linkages in series 
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transformers may be linked together, back-to-back, 
by making the slide common to both linkages. 

The layout procedure for linkages in series involves 
the selection of two traces, which when combined or 
added together give the required trace. The procedure 
for adding traces is relatively simple and is shown 
in Fig. 8a. First, the two traces and the diagonal are 
plotted on the same unit square. Draw a vertical line 
A-A, intersecting the diagonal at 1 and the trace of 
the first linkage at 2. The length 1-2 is the deviation 
of the first trace. The height of 2 is the output of 
the first linkage, which when projected horizontally 
to 3 on the diagonal, becomes the ‘input to the second 
linkage. Point 3 is projected vertically to 4, the out- 
put of the second linkage. Point 4 is projected hori- 
zontally to line A-A, giving 5, the output of the sec- 
ond linkage corresponding to the input of the first 
linkage, which is one point on the trace of the com- 
bined linkages. The lengths 3-4 and 2-5 are both 
equal to the deviation of the second trace, at an in- 
put value equal to the output of the first linkage. 
In other words, 5 may be considered as simply be- 
ing located by adding this second deviation 2-5, to 
the first deviation 1-2. 

A similar construction, using deviation values di- 
rectly, is shown in Fig. 8b. The points are numbered 
the same as in Fig. 8a and have the same signifi- 
cance. Lines 2-3 and 4-5 are both parallel to a line 
B-B, drawn through equal numerical values on the 
deviation and input scales. The numerical length 1-3 
is equal to the deviation 1-2, which added to the in- 
put, point 1, gives the output of the first linkage, 
point 3, or the input of the second linkage. Adding 
the two deviations as before gives point 5 on the de- 
viation curve of the combined linkages. Again it is 
Seen that by using deviation values the scale of the 
layout is considerably increased. For example, if the 
maximum deviation were approximately 20 per cent 
and both constructions made in the same size plots, 
the effective scale and accuracy of the deviation 
method would be five times that of the first method. 

In an actual layout, the deviation curve for the 
linkages in series is given. A curve for the first link- 
age is selected, usually lying midway below, and the 


Table 8—Calculation of the Unit Harmonic Transformer for the 
Combination of a Four-Bar Linkage and Harmonic Transformer 








in Series 

Zero 
On ¢ ct Cy Eemeh €'§ Error Set 
0.0 78.500 1.0596 0.0000 0.00 0.00 0.00 —0.16 
0.1 87.914 0.8848 0.1915 9.15 8.75 0.40 0.24 
0.2 96.722 0.7352 0.3554 15.54 15.54 0.00 —0.16 
0.3 104.960 0.6101 0.4925 19.25 19.25 0.00 —0.16 
0.4 112.654 0.5064 0.6061 20.61 20.42 0.19 0.03 
0.5 119.826 0.4202 0.7005 20.05 19.77 0.28 0.12 
0.6 126.488 0.3479 0.7797 17.97 17.62 0.35 0.19 
0.7 132.657 0.2865 0.8470 14.70 14.40 0.30 0.14 
0.8 138.352 0.2337 0.9049 10.49 10.30 0.19 0.03 
0.9 143.590 0.1876 0.9554 5.54 5.45 0.09 —0.07 
1.0 148.391 0.1469 1.0000 0.00 0.00 0.00 —0.16 





* 78.500+ Av, from Table 7. + Calculated from Equation 1; r = 
1.000, a = 0.470, b — 1.000. § ©’ From Table 6. 


Table 9—Input-Output Requirements for Two Four-Bar 
Linkages in Series 








Input* Outputt Deviation 
0 On ¢ on é 
—20 0.0000 —0.3567 0.0000 0.00 
—10 0.1429 — 0.0470 0.6074 46.45 
10 0.4286 0.1004 0.8964 46.78 
30 0.7143 0.1371 0.9684 25.41 
50 1.0000 0.1532 1.0000 0.00 





*Rotary input required, 55.000 deg. ftRotary output 
required, 43.927 deg. 


curve of the second linkage constructed The points 
are determined as before, but in the order of 3, 2, 5 
and 4. Occasionally the designer may start with a 
known linkage, from some previous problem, and plot 
its deviation as the first linkage. This eliminates the 
fitting error and thus specifies the second linkage 
more closely. After a little experience, it is rare to 
choose a first linkage which leads to an unmanage- 
able second linkage. Two numerical examples are 
given to illustrate this procedure. The first one shows 
a four-bar linkage driving a harmonic transformer. 
The other one deals with two four-bar linkages in 


series. 
The input-output requirements for a four-bar link- 
age and harmonic transformer in series are given in 
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Table 10—Calculation of the First Unit Linkage of Two 
Four-Bar Linkages in Series 








On 4 yit Yin Ay & 
0.0000 4.500 251.605 0.0000 0.000 0.00 
0.1429 12.354* 231.493 0.3151 20.112 17.22 
0.4286 28.073 207.598 0.6895 44.007 26.09 
0.7143 43.787 195.542 0.8784 56.063 16.41 
1.0000 59.500 187.781 1.0000 63.824 0.00 





*Example: 0.1429 (55.000) +4.500 — 12.354 deg. tCalcu- 
lated from Equations 4 to 7; r,;= 1.000, r,—0.970, a — 
1.350, b = 1.000. 

Subscript 1 refers to first linkage in series. 


Table Il—Calculation of the Second Unit Linkage of 
Two Four-Bar Linkages in Series 








Zero 

On 02° pot Yon Emech freq Error Set 
0.0000 —6.810 228.176 0.0000 0.00 0.00 0.00 —0.07 
0.1429 13.302 201.189 0.6144 47.15 46.45 0.70 0.63 
0.4286 37.197 188.823 0.8959 46.73 46.78 —0.05 —0.12 
0.7143 49.253 185.781 0.9652 25.09 25.41 —0.32 —0.39 
1.0000 57.014 184.251 1.0000 0.00 0.00 0.90  —0.07 





*—6.810+ AY, from Table 10. {Calculated from Equations 4 to 7: 
r, = 1.000, r, = 1.440, a = 1.655, b = 1.000. 
Subscript 2 refers to second linkage in series. 


TABLE 6. The deviation is plotted in Fig. 9 and the 
usual eleven values read off. A deviation curve is 
chosen for the first linkage, having a maximum value 
of 10 per cent, and the second curve is constructed. 
A visual inspection insures that the two curves are 
well behaved and should be easily mechanized. By 
the overlay method, the parameters of the four-bar 
linkage are determined as: 7; = 1.000 inch, ro = 
0.958 inch, a = 0.552-inch and b = 1.500 inches. The 
output calculations are given in TABLE 7. The maxi- 
mum fitting error is approximately 0.9 per cent and 
is adequate for the first linkage. In laying out the 
second linkage, it is not necessary to read off devi- 
ation values from Fig. 9. The input sector may be 
laid out directly from the angular output displace- 
ment, Ay, given in TABLE 7. The overlay is propor- 
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tioned off according to the required deviation, «’, of 
TABLE 6. The harmonic transformer parameters are 
found to be r = 1.000 inch, a = 0.470-inch and b = 
1.000 inch. Output values are calculated in TABLE 8, 
giving a maximum error, after applying zero-set, of 
0.24 per cent. Shown in’ Fig. 10 are the combined 
linkages, with the output crank of the four-bar link- 
age and the input crank of the harmonic transformer 
being common to both linkages. If so desired, the 
two cranks could be separated by rotating the en- 
tire four-bar linkage about its output crank center, 
the two cranks being separated by an amount equal 
to the rotation. Also, the distance between the two 
crank centers and the length of the output scale can 
be separately adjusted by varying the size of each 
linkage. 

A second illustration, considering two four-bar link- 
ages in series, is also presented. The procedure is 
exactly as before, except that the first linkage is 
calculated, from a preliminary overlay construction, 
and the actual deviation values plotted. In this ex- 
ample, where the deviation values are large, it is 
very desirable to use calculated values for the first 
linkage, so that the results of the second layout can 
be more accurately predicted. Otherwise, the layout 
might have to be repeated several times, until a sat- 
isfactory linkage combination is obtained. 

The input-output requirements are given in TABLE 
9, with both the input and output ranges being speci- 
fied. Output calculations for the first linkage are 
contained in TABLE 10, with the parameters r; = 1.00 
inch, *%2 = 0.970-inch, a = 1.350 inches and b = 1.000 
inch. The layout is shown in Fig. 11, and the com- 
putations of the second linkage are given in TABLE 
11 where the parameters are 7; = 1.000 inch, r2 = 
1.440 inches, a = 1.655 inches and b = 1.000 inch. 
The combined linkages, with the three crank cen- 
ters arbitrarily shown on a straight line, are con- 
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tained in Fig. 12. It should be noted that, in order 
to satisfy the directions of the crank rotations, it 
was necessary to arrange the second linkage as a 
mirror image from the usual convention, with the 
crank displacements measured in a clockwise, rather 
than a counterclockwise, direction. Again, the crank 
centers may be rotated and the sizes of each link- 
age adjusted as required. This linkage combination, 
which mechanizes a very unsymmetrical and sharply- 
peaked trace, is particularly interesting and is typi- 
cal of some of the unusual designs encountered. 


Final Linkage Adjustment: Many times it is neces- 
sary to select a linkage where great precision is nec- 
essary, perhaps beyond the scope of the usual methods 
as previously described. It then becomes necessary to 
apply mathematical refinements or to employ correct- 
ing devices. These are discussed briefly below. 

An expression for the harmonic transformer, driven 
from the crank end, giving the output change result- 
ing from small variations in the linkage parameters 
is as follows: 


dc 
Ac = Ag — + Ar 
0¢ or 





dc dc 
+ Aa — + Ab— (8) 
da ab 


where each term represents the effect of changing 
one parameter. The net effect is simply the sum of 
these terms. By differentiating Equation 1 and col- 
lecting terms, the partial derivatives become: 





dc cr sin ¢ — arcos ¢ > 
so sisteletinnadeaianteaialaniiadmapanancdis , (9) 

Og Gg * r cos ¢ 

oc ccos¢+asing-rT 

— contvendies (10) 
or c—r?Trcos¢ 

dc a~—rsing 

satgiees SL “ek - emectieinialateedibeiaiadins (11) 
da c—rcos¢ 

ec b 
a 12) 
ab ec—rcos¢ 


Considering Ac to be the fitting error, it is seen that 


INPUTS 
12345 









































OUTPUT } 


r | 














by a correct adjustment of the 4 terms, the fitting 
error might be reduced. The procedure is to first 
calculate and plot the partial derivatives for the 
usual eleven values of the normalized input. Next 
plot the error values. Through a trial-and-error proc- 
ess, find a curve of one of the partial derivatives, 
or of several summed together, whose shape is gen- 
erally like that of the error plot. Then assign nu- 
merical values to the A variations so that the sum 
of the terms on the right side of Equation 8 is equal 
to the negative value of the error Ac. If this condi- 
tion is obtained for all eleven input points, then the 
fitting error is eliminated by modifying the linkage 
parameters according to the A increments. It is rarely 
possible to eliminate the errors completely, but this 
procedure should result in a substantial reduction. 
In a similar manner, the errors may be reduced 
for the harmonic transformer, driven from the slide 
end, and for the four-bar linkage. The expressions 
are given below. 
For the harmonic transformer: 






















































T dc 
where 
0 +asing—rT 
ca ccos¢ +a ¢ : (14) 
or cr sin ¢ — ar cos ¢ 
é —rsin 
eo to rs . (15) 
da cr sin ¢ — ar cos ¢ 
C) b 
A. (16) 
db cr sin ¢ — arcos ¢ 
r) c — rcos 
: =- : (17) 
dc cr sin ¢ — ar cos ¢ 
For the four bar linkage: 
r) C) oy oy 
pre eee ae: Ae eS 
ery ere da 
dv 
+ Ab — F (18) 
ab 
where 
op r,[a sin 6 + r2sin (@ — y)] (9) 
00 ats ro[asin y + 7, sin (@ — y)] 
ri) T1—a cos 6 — r2 cos (6 — 
y = 1 2 y) (20) 
ary r2{[a sin y + 7, sin (@ — y)] 
oy 2+ acosy — 7; cos (6 — y) (21) 
are = r2[a sin y + 7, sin (@ — y)] 
C) @— 7, cos 6 + rocosy 
B. a = : : ¥ (22) 
da ro{asiny +r, sin (@ — y)} 
oy b 
~ ee . (23) 
ab ro{a sin y + 7, sin (@ — y)] 


There is always some point (the point of diminish- 
ing returns) at which further adjustment of the 
linkage parameters is not worthwhile. At this 
point, some correcting device may be added to re- 


Fig. 15—Left—Block diagram of a mechanical computer 
using function generator techniques 


MACHINE DESIGN—December 1953 















move the remaining error. Several arrangements, 
using an eccentrict or a cam-and-bell crank combi- 
nation, are shown. In Fig. 13, an eccentric is located 
between the input crank and the connecting link, 
either in a harmonic transformer or a four-bar link- 
age, and in effect changes the length of the con- 
necting link as the crank is rotated. In Fig. 14, a 
cam-actuated bell crank is added to a harmonic trans- 
former. The cam reference, to which the adjustments 
are added, is straight when the bell crank is located 
between the link and the slide, and circular when 
added between the crank and link. In either case, 
the slide must be raised vertically from its original 
position by an amount equal to the length of the 
shorter arm of the bell crank. For the four-bar link- 
age, the correction may be introduced by “breaking” 
the link near its center and guiding the point by a 
cam. Since the required corrections are usually small, 
compared to the total throw of the linkage, the cam 
accuracy is low compared to the linkage accuracy. 
This is particularly true in cases where space per- 
mits the use of high-ratio bell cranks on the order 
of ten to twenty. 

No fixed rule can be set as to when to use these 
correcting devices. Within practical limits, they should 
be avoided and used only when absolutely necessary. 
Factors to be considered are the fit required, the 
shape of the trace being mechanized, the number of 
units to be built, etc. Associated with this is the prob- 
lem of predicting, in advance, the difficulty which 
may be encountered in laying out the linkage. It is 
not clear what specific characteristics make a func- 
tion difficult to mechanize. Generally, it is easier to 
handle a function having a smooth and fairly sym- 
metrical deviation curve, compared to one having 
steep slopes and irregular inflection points. An ex- 
perienced designer will often know by inspecting the 
deviation curve whether or not to expect the need 
of correcting devices. 


Mechanicai Computers: In reference 2, mathemati- 
cal methods are presented, making it possible to use 
function generator techniques in the design of me- 
chanical computers, for arbitrary functions of as many 
as five independent variables. Briefly, the mathemat- 
ics involve the expansion of tabular data, of several 
independent variables, into a sum of one-function 
variables plus the products of functions, taking two 
variables at a time. The expression is: 


f=firt fet+ fs + fa + fs + fie + fis + fis 
ha Te ts Pe : sania 


where f;, fo, etc., are the single-variable functions 
and fie, fis, etc., are the products of functions. Func- 
tion generators may be used to mechanize the single- 
function terms. The product-of-function expressions 
may be represented by two function generators driv- 
ing linkage or slide multipliers. The summing is then 
performed by a chain of adders. A block diagram of 
a computer, having five variables or inputs, is shown 
in Fig. 15. It should be noted that the functions are 
summed in order of increasing size. The output of 
the largest function, f;, feeds into the last adder, 
whose output is the total function f. The next largest 
function, f,, drives the next to the last adder, etc., 
through the chain to the smallest function, f15. This 
arrangement minimizes the effect of errors resulting 
from dimensional tolerances in the adder chain. 
Linkage adders, Fig. 16, whose inputs and outputs 
are linear, are used in the adder chain. The inexact 
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adder may be used at the low-tolerance end of the 
chain and the exact adder near the output end of 
the chain. Both adders consist of three slides, a dou- 
ble crank (two arms 180 degrees apart) and two 
connecting links. As used in the mechanical computer, 
the two input slides are common to either the output 
slide of a function generator or the output slide of 
a multiplier. The slide displacements, 2, referenced 
from some initial position are related by the ex- 
pression: 


ba2,+anx 
a he eT a 


a+b 


were: c/d = e/f =— a/b for the exact adder. This ex- 
pression is exact for the exact adder and is closely ap- 
proximated by the inexact adder if the change in the 
slopes, a and 8B, of the links are smali over the input 
ranges. 


Mechanical Construction: Linkage mechanisms con- 
sist of three basic elements: cranks, links and slides. 
Excepting for the accuracy requirements, the mechan- 
ical details of these elements may be similar for all 
linkages. Three of the most important details, in- 
volving joints, sliders and base structures are de- 
scribed and illustrated. 

Shown in Fig. 17 is a rotary joint using miniature 


Fig. 16—Linkage adders for use in summing the function 
generator outputs of a mechanical computer 
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pivot bearings. This type of a joint is used to connect a 
link to a crank or slide, for example in the harmonic 
transformer. Two ‘bearings are used in each joint. 
The link is made in two halves, which are doweled 
and clamped together, forming a clevis at each end. 
Each half of the clevis carries a bearing in a counter- 
bored recess. A hardened-steel, conical-ended pivot pin 
is carried in the crank or carriage of the slider. Bach 
half of the link is clamped around the pivot. In the 





clamped position, the legs of the clevis are slightly 
spring loaded, thus removing backlash from the joint. 

A. joint using miniature radial bearings is illus- 
trated in Fig. 18. This type of joint is used to con- 
nect the crank and output slide of the linkage adder, 
for example. Two bearings are used in each joint. The 
outer races of the bearings are carried in the crank. 
They are separated by a spacer and are retained in 
the crank by spinning over the edges of the hole. A 
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Fig. 18 — Radial bearing 
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Fig. 20—Three-ball slide 


pin fastened to the slider carries the inner races of 
the bearings. Backlash is minimized by end loading 
the inner races with a bowed retaining ring, acting 
through a shouldered washer. 

A self-aligning joint, using a miniature self-align- 
ing bearing, is shown in Fig. 19. As an example, this 
type of joint is used in the connection of a link to an 
adder crank. It permits misalignment between the 
adder sliders without binding any of the joints. This 
joint is identical with the radial-bearing type except 
that only a single bearing is used. Because of the 
self-aligning features, it is not possible to reduce 
backlash by end-loading this bearing. This can be 
accomplished only by the preselection of bearings. 

Standard ball bushings form the slides. Two bush- 
ings are carried by a channel-shaped bracket. A hard- 
ened and ground steel rod is used as the sliding mem- 
ber. Backlash is always present in this type of slide 
and can be controlled only by the fit of the sliding 
rod in the bushing. When a minimum-backlash slide 
is required, the type as shown in Fig. 20 should be used. 
This slider is supported by three balls, hence the name 
“three-ball” slide. The base of the hardened-steel slide 
is L-shaped and has a ground V-groove in one leg. 
A closing piece carrying another parallel groove is 
doweled and clamped to the base. The web portion of 
the closing piece is narrowed down and cut away in 
the center leaving two supporting legs. The carriage 
contains two parallel V-grooves and is supported on 
three steel balls. One ball is located on the closing- 
piece side of the carriage; the other two on the op- 
posite side. In the clamped position the legs of the 
closing piece are slightly spring loaded, thereby remov- 
ing all backlash. A ball retainer, together with a stop, 
is provided to correctly space the three balls. Depend- 
ing upon the type of connection made to it, the car- 
riage is either drilled to receive a pin or counterbored 
to carry a pivot bearing. This slide is used only when 
the backlash or tracking accuracy of the ball-bushing 
type is not acceptable. 

Linkages are mounted on base plates, ground for 
flatness. Input shafts, carrying the cranks of a four- 
bar linkage for example, are supported on radial ball 
bearings. To minimize backlash, two bearings are used 
with each shaft and preloaded through the inner 
races by a bowed retaining ring. The bearings are 
carried in a separate bearing housing which is doweled 
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and bolted or screwed to the base plate. In a mechan- 
ical computer these base plates are arranged into a 
clock-plate structure. Quite often the lower plate may 
be a rigid surface-plate, with the succeeding plates 
being attached to it through posts and spacer bushings. 
Usually it is possible to mount several linkages and 
adders on one plate. Inputs are introduced by shafts 
extending through all plates. In order to transmit the 
output motions from one plate-level to another, the 
adders may be skewed with the slides being located 
on separate plates, or identical harmonic transformers 
may be used at different levels and their motions 
transferred through a common shaft. The size and 
compactness again rest upon the ingenuity of the de- 
signer. 

The foregoing mechanical details involve the support 
of individual linkages and give methods for minimizing 
backlash. The assignment of tolerances, to the linear 
and angular dimensions of the linkage, is a complete 
subject in itself and is beyond the scope of this article. 
In reference 6 a complete discussion of this subject 
is presented. 
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Designing Cams 
with Aid of Computers 


By R. F. Griffin 
Research Engineer 
Warner & Swasey Co. 
Cleveland, Ohio 


N cam design, the analysis of the machine motion 

or timing diagram yields the basic dimensions of 
the necessary cam profiles and linkage. However, a 
wealth of information must be supplied to manufac- 
turing personnel in order to make a precision cam 
that will produce accurate machine motions with 
reasonably sound dynamic principles. This step, from 
the basic dimensions to the physical cam, generally 
embodies extensive and wearisome calculation, es- 
pecially if tooling is required in the form of master 
cams. This discussion is concerned with a means of 
reducing the calculation drudgery by equipment that 
may be available but not in use. Although IBM ac- 
counting equipment is discussed, other types of ac- 
counting machines can serve the purpose if they 
can handle accounting problems. 

Cams are designed in many shapes and forms to 
fit machine conditions and designers’ needs. There 
are plate cams, barrel cams, face cams, end cams, 
and others. Each operates a follower, such as a shoe 
or roller, which may be spring returned or positively 
driven in each direction. In each type, the follower 
motion may require specification at all points or it 
may be sufficient to specify only certain points, fol- 
lowing any path between thece points. The latter type 
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generally must give a certain rise or lift in a speci- 
fied time. The motion during rise may be constant 
velocity, constant acceleration, or any of the numer- 
ous schemes employed to modify these factors when 
dynamics must be considered. 

To produce the master cam or a single cam, a table 
of cam radii with corresponding cam angles must 
be supplied. The cam is then cut on a milling machine 
or other suitable machine tool using point by point 
settings. The result is a surface with a series of 
ridges which must be filed down to a smooth profile. 
The cam radius, cutter radius, and frequency of ma- 
chine setting determine the extent of filing and final 
accuracy of the profile. For accurate master cams, 
settings must often be in half-degree increments cal- 
culated to seconds. Preparation of this table may re- 
quire the solution of six or eight equations for each 
of these machine settings. 

In the author’s company, cam and other engineer- 
ing calculations are of an intermittent nature which 
only justify the use of a desk calculator. For a num- 
ber of years, cams were laboriously “punched” out 
on the calculator with constant reference into and 
out of trigonometric and other prepared tables. The 
results were often replete with errors and the time 
involved was a serious bottleneck. Although engi- 
neering calculations could not justify more than desk 
calculators, the company’s accounting department did 
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‘ig. 1—Above—Complementary cam and follower arrange- 
ment utilized in weaving machine 


ig. 2-—Below—Angular relationship of cams during rise 
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have an assortment of IBM machines. Lack of knowl- 
edge of the equipment’s full potentialities on the part 
of engineering and the inability of accounting per- 
sonnel to understand engineering terms discouraged 
attempts to profit by its use. However, the recent 
acquisition of a newer, electronic-type, computer 
spurred engineering interest to the extent of attend- 
ing a two-week part-time course on the use of the 
machine. The resultant unfolding of potentialities has 
since shifted all cam and gear calculations and other 
work such as statistical correlation to IBM equipment. 

To illustrate the simplicity and speed of calcula- 
tion, let us follow the necessary steps in computing 
a typical pair of complementary cams. These are 
plate cams on the same shaft whose separate follow- 
ers are attached to a common fork which drives a 
second shaft. The cam curves are reversed so that 
one cam drives the fork in one direction while the 
other cam drives the fork in the opposite direction. 
The arrangement is shown in Fig. 1. The machine mo- 
tion analysis establishes the angular location of the 
follower fork for particular angular positions of the 
camshaft, and generally, demands only a definite 
swing of the follower fork to occur in a specified 
range of cam rotation. A modified constant accel- 
eration or trapezoidal acceleration is used to obtain 
the swing or rise, 8S. Discussions of this and other 
methods from dynamic view points are given by 
Cc. N. Neklutin* and D. A. Stoddartj. While other 
forms may be theoretically more favorable, in prac- 
tice on production cams the results are comparable 
because of tolerances. 

The data that must be calculated are the polar co- 
ordinates, p and #6, of the follower centers for com- 
plete rotation of both cams. These values are later 
adjusted by appropriate constants to fit the needs 
of the master cam in the cam cutting equipment. The 
first step is to obtain point by point solutions for the 
displacement in the sections of rise or fall of the 
follower. The displacement equations for the modified 
constant acceleration used are given in the appendix. 
Considering the displacement, s, at a point as being 
the angular swing of the follower shaft (Fig. 2), the 
radial co-ordinate, p, of the follower center is given by: 


p = [a2 + b? — 2ab cos (s, + 8)]* "~ 


The angular co-ordinate of this point, however, does 
not agree with the angular rotation of the cam be- 
cause the follower does not move radially to or from 
cam center. The corresponding cam angle, 6, is ob- 
tained by the following equations: 


a — bcos (8s, + 8) 





(4) 


6 oes kod ne (5) 


In the above equations, 8 is the total cam shaft ro- 
tation that is to produce the total swing, S, of the 
follower shaft; N is the number of points that are 
to be calculated in the range 8; and » is the point in 
question. Other values are indicated in Fig. 2. The 
sign in Equation 5 is determined by orientation and 
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rotational direction of the cam and follower. The COMPUTERS IN DESIGN 
sign is plus when the fork is apparently pushing 
the follower on the cam and minus when it is appar- 
ently pulling. able number of points. IBM cards have provision for 
Several master decks of IBM cards have been pre- 12 punches in a column and 80 columns to a card. 
pared from the displacement equations, each card of Each column is used for a digit in a number and, or, 
a deck being punched with its point number, n, and for a code punch. Positions 11 and 12 (above zero in 
the corresponding value of the displacement function, Fig. 3) which are also called x and y, respectively, 
s/k, while each deck has a different number of points, are used for coding. The second, third, or mth card 
N. Any deck can be subdivided to give a deck with of one of these master decks would be coded with 
less points by selecting every second, third, fourth, or an x in a column, say column 70 for second cards, 
nth card where n is a factor of N. These decks are 71 for third cards, and so forth. 
rapidly prepared and provide a flexible advanced cal- Assume that on one section of a cam we need a 
culation wherein any rise can be divided into a suit- given rise to occur in 29 degrees of cam rotation with 


Fig. 3—Layout of complementary cam work card for calculator 
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Fig. 4—Eight-place trigonometric card for cam computations 
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calculations at approximately half-degree intervals for 
reasonable master cam cutting. Selection of every 
fifth card from a 300-point master deck would give 
suitable intervals. The point number, n, and the s/k 
values of these cards are copied onto blank work 
cards, Fig. 3, by feeding the complete master deck 
and a stack of blank cards into a reproducing punch. 
By appropriate wiring of the control panel, the ma- 
chine observes the code for fifth cards, reads only 
from these cards, and punches the information into 
the blank cards. At the same time, another code 
punch is put into each work card for future use. 
Reproducing occurs at the rate of 100 cards per min- 
ute (total cards in master deck) with a rearrange- 
ment of data columns if desired, and with a simul- 
taneous verification of the punched results. 

A pair of complementary cams may have as many as 
six different sections of rise or fall interspersed with 
dwell regions. A deck of work cards is prepared as 
above for each different section of each cam, each 
deck having different coding so that they may later 
be separated; at present the decks are kept separate. 
This completes the first step and we are ready to 
tackle Equation 1. 

Because of limited factor storage on the Type 604 
electronic calculating punch, this equation must be 
handled in several steps. The first is to evaluate: 
(s/k) (5 S/N?) (6) 


& +s ‘ + 


where all but s and s/k are constants for each cam 
section. The decks of work cards are fed separately 
into the calculating punch which consists of two 
parts: the punch unit which reads information from 
the cards, generates constants, and punches computed 
results into the cards; and the calculator unit which 


receives the information from the punch, performs 
the desired calculation, and sends the results back 
to the punch. Basically, the computer can add, sub- 
tract, multiply, and divide. Numerous other features 
of both units permit countless varieties of code con- 
trol calculation, simultaneous checking of results, gen- 
eration of sequential numbers, and so forth. The com- 
puting rate is a constant 100 cards per minute. 

Control of each unit is separate through individual 
control boards which like most IBM controls looks 
just about like a punch board. Desired operations are 
obtained by connecting correct outlets with prepared 
wires that have connectors similar to banana plugs. 
For each deck of work cards, the punch unit is wired 
to read s/k from column 4 to 11, emit s,, and emit 
5 S/N2 and transfer these values to storage in the 
calculator. It is also wired to punch the computed re- 
sult, s, + s, in columns 12 to 19. The calculator is 
wired to take the values from storage and perform 
the multiplication and addition. The wiring of the 
punch unit is changed between decks to give the 
correct constants for that section of the cam. 

Direct calculation of the cosine of s, + s with 
sufficient accuracy would require three separate runs 
through the computer with extra card columns being 
used for intermediate results. It is faster and easier 
to have the machines interpolate the cosine from an 
eight-place trigonometric deck of cards, Fig. 4. To 
do this, all of the separate work decks are lumped 
together and sorted in numerical sequence of the 
angle, s, + s. This is done with a sorter machine 
which will separate 850 cards a minute into 13 cate- 
gories according to the location or absence of a punch 
in a column. Four passes through the machine are 
made to sort to hundredths of a degree. 


Fig. 5—Wiring for eight-digit square root on 604 calculator 
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The sorted work cards are then “merged” numeri- 
cally with the master trigonometric deck by means 
of a collator. This machine will place two decks of 
cards into one numerical sequence, provided the decks 
themselves are in sequence, at the rate of over 240 
cards per minute. It can also do many other functions 
such as selection, sorting, etc. The combined work and 
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Fig. 6—Above—Sample of printed results obtained 


Fig. 7—Below—Wiring for calculation of Equation 6 





COMPUTERS IN DESIGN 


trigonometric cards are then fed into the computer 
where, by code selection, the cosine of an angle and 
the difference to the next tabulated cosine are read 
from master cards, the fractional portion of the angle 
lying between tabulated values is read from the work 
cards, and the interpolated cosine punched only on 
work cards. The master and work cards are then 
separated in the sorter by means of code in the 
trigonometric cards without disturbing the sequence 
of the master deck. 

The next step is to calculate and punch the square 
of the radius vector in the computer, reading the 
cosine of s, + s and introducing the constants a and 
b. Since b is generally the same for both cams, the 
cards do not need to be sorted into their separate 
sections. The square root is a lengthy process on the 
604 computer and is done in a separate run. A square 
root is obtained by successive iterations of the equa- 
tion 


( B 
An 
where B is the square and A is the approximation 
to the square root. By using 3, 30, 300, etc., accord- 
ing to the decimal in’ B, as the first approximation, 
A;, and evaluating the equation three times gives an 
answer, A,, which is accurate to five digits. Two 
more iterations gives an accuracy to eight digits. 
Since the control board wiring is so complex for this 
application, (Fig. 5), this board is left permanently 
wired. In obtaining a square root to this accuracy, 
the calculating portion of the machine cycle is often 
not quite long enough to complete the result before 


+ A, ) 1/2 = Anu (7) 















the card is ready to be punched. As a consequence, 
the eight-place square roots are obtained at about 
75 cards per minute. 

Calculation of Equations 2 through 5 involves steps 


Fig. 8—Cam acceleration, velocity, and displacement curves 
using modified constant acceleration 
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Table 1—Basic Formulas for Modified Constant Acceleration* 





similar to those above. The procedure is to evaluate 
cos ¢ in the calculator and then obtain a numerical 
sequence of cos ¢ in the sorter. The work cards are 
then merged numerically by cosine with the trigono- 
metric deck in the collator and the combined decks 
are sent through the calculator to interpolate ¢. The 
trigonometric deck is separated and each work deck 
separated in the sorter by use of the code originally 
punched in them. In one run through the computer, 
Equations 3, 4, and 5 are calculated, punching only 
9 and changing the constants ¢,, N, 8, and the alge- 
braic sign between decks according to the cam sec- 
tion. The final operation is to feed the work decks 
separately into an accounting machine where the 
value of p and @ are read and typed in tabular form 
at the rate of 90 cards or lines per minute. A sample 
of a typed page is shown in Fig. 6 where the angle 
is printed in degrees and is also converted to degrees, 
minutes, and seconds. The radius has been rounded 
off to ten thousanths of an inch for machine settings. 

Although the above sounds like a formidable task 
just to calculate a cam, a discussion of some times 
and principles may aid in pointing out the speed and 
simplicity of operation. The first calculation attempted 
by engineering was the trigonometric deck which took 
fourteen days of planning and machine time to com- 
plete the 4500 cards. This is a relatively long time 
due primarily to unfamiliarity with the equipment. 
About six days were needed for actual machine op- 
eration while eight days were used in planning the 
control boards and deciding the form of the completed 
table. A good deal of the planning was devoted to 
such things as the number of cards necessary, the 
accuracy required, and the method of use of the com- 
pleted table, for example, having the calculator si- 
multaneously evaluate cosines of angles above and 
below 45 degrees with tables going only to 45 degrees. 



































rise in inches, and n — point number. 
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The trigonometric deck could have been hand punched 
from existing tables, but it was faster, more accurate, 
and no burden on the accounting department to feed 
blank cards into the calculator and let it generate the 
sequences and series functions. The master card decks 
for the modified constant acceleration motion were 
also started from blank cards, having the calculator 
generate its own series of consecutive numbers, n, 
and simultaneously calculate the corresponding value 
of s/k. 

The first cams that were calculated were a pair of 
complementary cams having five sections on each 
cam in which the radius was changing. The ten decks 
of cards for these sections represented a total of 
1200 points. Mistakes and poor planning caused back- 
tracking and unnecessary steps, but the work was 
completed in ten days which includes all planning 
and machine time. These same cams had been started 
on a desk calculator and it had taken 28 days to 
complete 90 per cent of the work on the primary cam 
alone. Cams of this nature are now being run in two 
to three days. 

In general, the wiring of control boards is rather 
simple and, after some practice, can be done at the 
same time that the calculation is being mentally 
planned. As an example, Fig. 7, shows the simplicity 
of the punch and calculator control boards wired to 
solve Equation 6. One set of boards is used for all 
general calculations, being torn down and rewired 
for each calculation, while one set is kept permanently 
wired for square roots. Control boards for other ma- 
chines are less complex. 

The machines are used most advantageously for a 
large number of identical calculations that can be 
started from a sequential series. The practical mini- 
mum number of cards or points is about 25 to 100, 
depending upon the length of calculation and method 
of starting. If the initial variables have no logical 
sequence and must be hand punched, at least 100 
cards should be used unless the calculations are quite 
lengthy. As an example, statistical correlation of each 
pair of ten variables using fifty sets of data (fifty 
cards) was accomplished with 26 passes through the 
computer taking two and a half hours with minor 
wiring changes between runs. This plus the half-hour 
spent in hand punching the variables was a consid- 
erable savings over manual methods because of the 
calculation length. 

The additional control features of the calculator 
and punch unit permit numerous types of calcula- 
tions in which the machine can select one of many 
different calculating paths by examining its own re- 
sults at various stages in the calculation. A practical 
example of this is in the conversion of degrees to 
degrees, minutes, and seconds for master cam manu- 
facture and simultaneously selecting one of three 
paths for values rounded off to the nearest five min- 
utes in order to make a test cam. The latter step 
saves the machinist’s time and reduces errors. These 
additional control features provide so many possibil- 
ities that most repetitious type calculations justify 
an investigation of accounting equipment that is 


available. 


Appendix: The basic formulas used for modified 
constant acceleration have been derived from a trape- 
zoidal acceleration diagram, Fig. 8, which also shows 
the resulting velocity and displacement diagrams. Dur- 
ing the first tenth of the rise time period, the ac- 
celeration increases linearly from zero to the maxi- 
mum. It remains constant for the next three-tenths, 
and then decreases linearly to zero during the next 
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tenth. The last half of the time period has exactly 
the same shape but negative values of acceleration. 

The resulting equations for acceleration, velocity, 
and displacement are given in TABLE 1. 





Systematic Correlation 
o f Motions 


By James R. Longstreet 
Chief Textile Engineer 
Warner & Swasey Co. 

Cleveland, Ohio 


SYSTEMATIC method for correlating accurately 

timed relationships of machine motions has proved 
invaluable in solving the problems of design in the 
Warner and Swasey Sulzer weaving machine. In this 
machine—the simple eight-harness cam loom with 
single package filling—there are 24 different cam mo- 
tions, 57 or more accurately made cams and 89 es- 
tablished timing factors. These motions are tied 
together positively by gears, linkages, splined shafts, 
and fixed-position couplings in many instances to 
fractions of a degree of rotation. The addition of 
such operations as filling mix, color mix and dobby 
motions to this machine add materially to the com- 
plexity of timed motion study. The basic machine 
timing diagram has been selected for purposes of this 
discussion and will serve amply to illustrate the meth- 
od employed. 

As looms have advanced from hand to power to 
automatic the three basic motions—shedding, filling 
and lay motion or “beat up’—have not changed but 
complementary motions for creating designs have in- 
troduced the complications of accurate timing. Tim- 
ing of the conventional looms is regulated by adjust- 
able means under control of skilled mill mechanics, 
called fixers, rather than inbuilt precision manu- 
facture and assembly. Made of iron, wood, leather, 
and fabric with co-ordinated simple motions, the pres- 
ent day automatic loom is a truly ingenious machine 
capable of handling intricate fabric designs, but is 
bound by tradition and personal skill to a slow pace 
of development. 

The weaving machine, however, is a precision propo- 
sition. Skill is transferred to the machine both from 
the weaver and fixer standpoint. This, then, is the 
basic difference between the loom and the weaving 
machine. A conventional automatic power loom and 
the new weaving machine are shown in Fig. 1. In 
the late thirties Sulzer Bros. of Winterthur, Switzer- 
land, decided, on the basis of previous textile experi- 
ence, that something should be done to make the loom 
comparable to other modern machines. Basic design 
approach would require: Transfer of skill to the ma- 
chine; removal.of temperamental factors of adjust- 
ment; co-ordination of motions with precision manu- 
facture; use of unit construction instead of overall as- 
sembly; remoyal of the gyrating effects of heavy lay 
members and picking mechanism; and reduction of 
mass to increase speed. 

Many attempts have been made by various individ- 
uals and companies to. accomplish these objectives. 
Many of the ideas incorporated in the present War- 
ner and Swasey Sulzer Weaving Machine have had 
their counterparts in other designs but never in the 
overall successful combination that this machine pre- 
sents. The approach to this design has been that of 
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Fig. 1—Above—A conventional automatic power loom, right, and 
the new automatic Warner & Swasey Sulzer weaving machine 


Fig. 2—Below—New method of weaving, a, with small shuttle and convea- 
tional method, 6, which uses a large shuttle containing the wound bobbin 
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the engineer with mind free of the traditions of weav- 
ing art and individual skills. 

Accepting the three basic motions of weaving, viz., 
shedding, filling and lay motion, the radical point of 
departure for the weaving machine lies in the method 
of filling. This is illustrated by Fig. 2 which shows 
conventional method vs weaving machine method. 
In the conventional method, the filling yarn is wound 
on a small bobbin. The bobbin is mounted in the 
shuttle and the shuttle thrown back and forth to form 
filling picks in a continuous strand. In the weav- 
ing machine method, the package of filling yarn is 
wound on a cone or cheese, mounted on a stationary 
bracket outside the picking area. The yarn is trans- 
ferred to a small shuttle of steel with a gripper spring 
by a shuttle feeder. The shuttle is thrown, with a 
trailing strand, across the lay bar in one direction 
only and returned empty by conveyor. The construc- 
tion of the filling is by filling pieces rather than a 
continuous strand. 


MOTION CORRELATION 


This illustration also indicates certain factors re- 
lated to the speed. The conventional method uses a 
shuttle measuring up to 17% inches long by 2 inches 
wide and 1% inches deep, weighing up to 25 ounces, 
of which, 1% ounces is the filling package. The 
weaving machine method uses a shuttle 3% inches 
long by %-inch wide by %-inch thick weighing 1 
ounce with a filling package limited only by the cone 
winder in a mill. Usually 4 to 6-pound packages are 
wound. The shuttle carries only its trailing strand 
of yarn. 

The small shuttle also introduces another factor of 
speed in that it reduces shed size and lay motion. 
In conventional looms, for equivalent widths to the 
weaving machine, the laybar with its attached pick- 
ing and receiving boxes may weigh up to 280 pounds. 
The laybar of the weaving machine, due to separa- 


Fig. 3—Laybar of the weaving machine with its mechanism and shuttle, left, compared to 
that of the conventional loom, right 
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MOTION CORRELATION 


tion of picking and receiving boxes, weighs only 38 
to 40 pounds, complete with reed and guide teeth. 
This is shown in Fig. 3. The net result in speed due 
to the change of filling method is an increase of 85 
to 100 per cent. 

The change of filling principle from continuous 
strand to individual filling strands introduces a whole 
new series of related motions not found in a loom. 
Fig. 4 shows diagrammatically the elements involved 
in laying a filling strand. Depicted are the yarn pack- 
age, guide, filling brakes, tensioner, shuttle feeder, 
shuttle, yarn grippers and yarn cutter. The entire 
cycle of laying a filling strand complete with beat- 
up motion takes place at the rate of 240 per minute, 
or one quarter-second per cycle. At the point of fir- 
ing the shuttle there are six to eight elements all 
arriving at a critical point within fractions of a de- 
gree. Under these conditions it is no longer possible 
to leave the timing adjustment in the hands of a fixer. 
Accurately controlled timing must be built into the 
machine. 

The chart of timing correlation for the machine, 
Fig. 5, forms the basis of the entire design. It pre- 
dicts cams and linkages and establishes limits of 
variation and accuracy requirements. These motions 
are correlated in the machine by a graduated dial, 
Fig. 6, secured to the driven member of the clutch 


Fig. 4—Series of related motions involved in the 
weaving machine sequence 


With this 


shaft which makes one turn per cycle. 
dial set on 360 degrees, all locating points, keyways, 
dropped splines, and couplings are on top dead center. 

In the basic timing diagram for the machine as in- 
dicated in Fig. 5, there is across the top the 360-de- 
gree cycle, divided into ten degree increments. The 
left-hand columns of the diagram list the motions 
and their graphic symvols. To the right of the dia- 
gram is a summary of motion which lists function, 
start and finish of motion, and motion angularity. 
At the extreme right of each motion column on the 
usual diagram are notes relating to critical points 
within the rise and fall of a cam. 

The chart lists 32 motions. However, some of these 
are repeats in that a motion may be broken down 
into horizontal and vertical components. Similarly, 
for instance the motion of shuttle expeller is timed 
for three different relationships to the conveyor ac- 
cording to the position of the receiving box. 

A further point in connection with the construc- 
tion of the diagram is that it is not sequential with 
regard to a series of motions. The sequence of num- 
bers, instead, follows the construction of the machine. 
Items 1 through 14 involve the picking box side of 
the machine, with the exception of Item 4; Items 15 
through 22 the receiving box side; and Items 23 
through 27 both picking and receiving. Items 28 
through 32 are transverse elements of warp letoff, 
shedding and laybar. 

To follow the method of ‘liagram layout, one key 
motion sequence will be discussed. Since the 
filling action is the major difference from 
present-day looms, the diagram in Fig. 5 
shows this group of motions relating to the 
filling strand magnified. 

The shuttle with its trailing strand of yarn 
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is thrown from the picking box through guides 
on the lay bar to the receiving box, while the 
lay bar is stationary, by the mechanism shown 
in Fig. 7. 

Here, then, on the diagram is the starting 
point for interpretation of the laying of the 
filling strand. Consider Items 11, 12, 13, 15 
and 29. Starting at 120 degrees of the cycle 
for reasons of prior loading of the yarn in 
the shuttle gripper spring, No. 11—the picking 
lever—is unlocked at 120 degrees; No. 12, the 


— torsion rod, acting as a spring, is fully loaded 
and ready for release at 120 degrees; No. 13, 
the picking lever trips at 120 degrees and the 
shuttle is fired through the guide iceth of 

ae the lay bar to the receiving box in less than 


one-tenth of a second. The action is similar 
to that of a catapult throwing a missile ex- 
cept that in this instance the missile is guided. 

Flight time is not shown directly on the 
chart, but is indicated by a sequence of hap- 
penings, first indicated by No. 15, shuttle de- 
tector in the receiving box. This line shows 
that the shuttle has been detected in the re- 


a> ceiving box at 280 degrees for an elapsed time 


from point of firing of 160 degrees. The lay 
motion No. 29 became static at 120 degrees 
for the shuttle firing and remains so until 


=— 360 degrees. The differential between 280 de- 


grees of shuttle detection and the 360-degree 
relationship of the laybar is taken up by sev- 
eral functions having to do with shuttle posi- 
tioning, second detection and essential time 
to stop the machine before the laybar can 
operate and thereby prevent damage to warp 
yarns, reed, shuttle and guide teeth. 
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Fig. 6—Graduated dial control of the ma- 
chine permits hand setting and servicing 


Each element of the 32 used on the diagram shows 
the various points connected by horizontal as well as 
sloping lines. Horizontal lines represent dwell periods 
and the sloping portions indicate rise or fall of cams. 
As this is the basic diagram the rate of rise and fall 
is not represented. Other diagrams of the individual 
motion are made for this purpose. 

On some elements, in addition to the main locating 
points there are others marked on the rise and fall 
sections. This is brought out especially on Item 15, 
the shuttle detector. These additional points are crit- 
ical and set up limitations of contour accuracy, proc- 
essing methods, tooling designs and inspection points. 

There are many other interesting relationships of 
motions in this machine but enough have been cited to 
show how the chart is interpreted and used. The 
diagram or chart correlating all of these motions 


Fig. 7—Shuttle throwing mechanism of the machine 
correlated in the magnified portion of the motion chart 





forms the basis for the design of the entire machine. 
It indicates cam setting, cam throws, limits of ac- 
curacy that must be held in manufacture, dictates 
processing methods, tooling requirements. Where, 
through reasons of weaving machine usage, changes 
of design have to be considered, as for instance fill- 
ing mix and color mix, the chart acts as a guide to 
determine their feasibility and ultimately dictates 
limitations of speed. 

From this chart also, data can be tabulated for 
use by assembly and inspection departments. The use 
of the chart in connection with the graduated dial 
can be used for troubleshooting, for servicing, for 
demonstration, and for training of personnel, not only 
in the factory and engineering departments but also 
in the weaving mill for operators and machine mainte- 
nance. 


O O O 
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Synchronized 


Load 
Control 


... meets varying 
demand on hydrau- 
lic power pump 


By E. W. Theilig 
Product Engineer 
Reciprocating Pump Div. 
Worthington Corp. 
Harrison, N. J. 


IGH intermittent pressure and volume de- 
mands on the hydraulic power system are 
typical of large-press operation. The enor- 

mous capacity of units in the Air Force heavy press 
program posed unusually severe problems of meet- 
ing demands with a power system of reasonable 
physical dimensions, Closed-die forging presses of 
25,000 to 50,000 tons capacity and extrusion presses 
up to 20,000 tons are included in the program. 

The power system chosen employs accumulators 
with constant-speed, constant-displacement recipro- 
cating pumps, Fig. 1, having a unique synchronized 
unloading and loading control which is the subject 
of this article. 

As in any accumulator system the hydropneu- 
matic accumulator stores sufficient energy to meet 
any expected fluid demand of limited duration. De- 
livery from this accumulator depends on the expan- 
sion of high-pressure air, from which it follows that 
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Fig. 1 — Septuplex (seven-cylinder) 
ump supplying hydraulic power to 
arge hydraulic presses built for Air 
Force program. This unit can deliver 
233 gallons per minute against 4500 psi 


there is a predetermined pressure differential. The 
effective capacity of this type of accumulator is the 
amount of water which is displaced by the expan- 
sion of the air through the specified pressure range. 

In order that the system may meet the variable 
and intermittent characteristics of the fluid demand, 
the motor and pump run continuously, the pump be- 
ing unloaded and loaded by maintaining the suction 
valves either inoperative or operative. In a recip- 
rocating pump each plunger flow starts from zero 
at the beginning of the stroke and increases smooth- 
ly to a maximum at midstroke and then decreases 
smoothly to zero at the end of the stroke, the flow 
from three or more plungers combining to give a 
total flow with only minor variations. In synchron- 
ized unloading, the suction valves are made inop- 
erative by lifters which hold the valves open during 
the discharge stroke and prevent pressure build-up 
in the cylinder. Each lifter completes its stroke 
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arrangement 


Suction vaive 
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Fig. 2 — Cutaway of pump showing 


single-acting vertical 


plunger with suction and discharge valves 


Valve lifter rod 





SYNCHRONIZED LOAD CONTROL 


during the suction stroke, thus unloading all the 
plungers in sequence. 

For single-acting triplex pumps, two plungers are 
simultaneously on the discharge stroke—three for 
quintuplex and four for septuplex pumps. When 
the first unloaded plunger starts its discharge 
stroke the remaining one, two or three plungers 
carry the total flow smoothly down to zero, as all 
following plungers are also unloaded. 

In synchronized loading, the lifters are retracted 
in sequence during the suction stroke and the plung- 
ers, loaded in turn, build the flow smoothly from 
zero to maximum without shock. 

A feature of this pump control is the short ele- 
ment of time required for unloading and loading. 
This is accomplished within one pump revolution 
for either unloading or loading. Maintenance of 
this device is negligible, and hydraulic shocks are 
eliminated. 

The vertical short-stroke pump, Fig. 1, is driven 
by a 300-rpm synchronous motor, This type of 
pump requires 50 per cent less floor space than the 
horizontal type—a major item since in some of the 
larger press installations from six to twelve units 
are required for operation. 

The new high-pressure pumps for the heavy press 
program are built and designed to operate against 
4500 psi and will deliver 233 gallons of water per 
minute, requiring 665 brake horsepower, with an 
overall efficiency of 92 per cent. 

This type of pump has the liquid end designed 


Fig. 3 — Cross-section through suction 
valve and lifter. Compression spring 
holds suction valve off its seat except 
when air pressure acts on air piston, push- 
ing valve lifter rod to right against spring 





Possoge to air cylinder 
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with valve arrangement such that the liquid flows 
in a straight path through the pulsation chamber, 
Fig. 2. The valves are of the double ported or ring 
type, which allows better outlet area than the con- 
ventional wing type, consequently allowing a lower 
lift and better assurance of having the valve back 
on its seat at the end of the stroke. Spring loading 
on this type of valve is most essential for the proper 
functioning of the valve, but the valves cannot be 
loaded too heavily or the head of liquid required to 
fill the pump to insure proper operation at the re- 
quired capacity without cavitation or other adverse 
effects becomes too great. 

The valve lifters are located at each suction valve, 
Fig. 3. The spring at the right of the assembly ac- 
tuates the valve lifter rod to hold the suction valve 
off its seat and thus unload the pump. Air pressure 
applied to the pistons compresses the spring, re- 
tracts the valve lifter rod and allows the suction 
valve to seat normally, thus loading the pump. 

Admission of air, from the plant air system, is 
controlled by solenoid-operated air valves located at 
each valve lifter. These solenoid valves operate in 
sequence timed by an electric synchronized distrib- 
utor which in turn is timed to the firing order of 
the pump crankshaft. When the solenoid valves 
are energized they supply air to lifter cylinders, 
and when de-energized they exhaust air from lifters. 


Electrical Distributor Times Valves 


An electrical distributor is driven from the pump 
crankshaft at pump speed and controlled by a pres- 
sure switch or float switch on the accumulator. 
This distributor energizes the solenoid air valves 
with a timing such that each lifter rod retracts 
from the suction valve during the suction stroke 
to load the pump. For unloading, each valve lifter 
rod advances against the suction valve during the 
discharge stroke and follows the opening valve to 
hold it open on the suction stroke. 

The rotating cam assembly of the distributor 
comprises a body with inner and outer cams, driven 
at crankshaft speed. The assembly is pulled out- 
ward by the energized solenoid at the end of the 
assembly and is returned inward by a spring. 

Spaced at equal intervals circumferentially are 
actuators and precision switches, These may total 
3, 5, 7, or 9 depending on the type of pump. Move- 
ment of an actuator to the right closes its switch 
and to the left opens the switch. 

The timing sequence is obtained by the circum- 
ferential arrangement of the switches. The inner 
loading cam is advanced 45 degrees to allow for 
the time interval between the closing of a switch 
and the resulting motion of the valve lifter rod. The 
outer unloading cam is advanced 100 degrees fur- 
ther to obtain the action described. The switches 
are wired to three-way solenoid-operated air valves 
to admit air to valve lifters for suction valve op- 
eration. 

The synchronized suction valve unloader lends 
itself to any application where motor-driven recip- 
rocating pumps with accumulator system are se- 
lected to meet intermittent power demands. Ad- 
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vantages include these features: 


1. Minimum shock in loading and unloading, as 
both operations are done on the suction stroke 
of the pump 

2. Positive synchronization of all cylinders in 
loading and unloading regardless of point in 
pump revolution when control functions 

3. Pump automatically unloads on interruption of 
either electric or air-pressure supply 

4. No loss of pressure water in loading or un- 
loading. 


Because of its versatility the system is well 
adapted to applications such as oil pipe lines, prod- 
uct lines, water flooding for oil recovery, and many 
other uses as well as hydraulic press work. 





Vertical Saw Has Multiple Uses 


[DESIGN of a new heavy-duty, all-purpose saw 

makes it an extremely versatile machine. Hing- 
ing the cutting head on the motor end bells pro- 
vides additional throat room for handling extra- 
large material. Additionally, a foundry bed may be 
attached, cutting head locked and handle removed 
for cutting gates and risers from castings. Minus 
these modifications, the saw may be used for chop- 
stroke cutting of bars, pipe or shapes. 

Other features of this product of the Henry H. 
Wise Co. are a safety guard which covers the en- 
tire cutting wheel before chop-stroke cutting starts 
and a heavy-duty, foot-operated vise hold-down for 
bars, pipe and shapes. Use of 714 and 15-horsepower 
motors permits use of 18 and 20-inch cutoff wheels 
which make faster cuts, thereby reducing saw wear. 


















Air Tools Assembled from Interchangeable 












¢"= 100 air tool models comprising the No. 

2 series of Thor Power Tool Co. are assem- 
bled from a limited number of standard subas- 
semblies. Four basic speed ranges from 475 to 
2000 rpm are available through gearing. Option 
of direct drive, positive clutch, or slip clutch plus 
positive clutch, accounts for several variations; 
lever-throttle, button-throttle or pistol type han- 
dles can be used. Straight, angle, or right-angle 
attachments make additional variations possible. 
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CONTEMPORARY DESIGN 








Se 
Ss , 


A typical simple 
model, for instance, 
consists of the air 
motor unit, re- 
moveable as a package, planetary reduction gearing 
and a collet chuck. A one-piece rotor with five 
blades provides a two-blade air seal for minimum 
air loss and maximum power. Exhaust noise is re- 
duced by a three-stage muffler. Gear lubrication is 
provided by a bored spindle and spring-loaded check 
valve, permitting the gear case to be greased with 
a pressure gun and preventing loss of lubricant. 
The air motor is lubricated by introducing oil into 
the air supply from a built-in reservoir. 





Mechanical Five-blade 
Adjustab! reduction og 
oy 4 each gearing air motor 
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ME en aes 


bit valve 


More complicated reversing screwdriver consists 

of (1) pistol type handle with reversing valve, (2) 

air motor package, (3) reduction gearing, (4) me- 

chanical and slip clutch and (5) screwdriver bit and 

finder. In operation the spring-loaded finder and 

bit are engaged with the work, thus engaging the 

slip clutch and mechanical jaw clutch. When de- 

sired preset tension is reached the spring-loaded 

) slip clutch releases. The mechanical jaw clutch 
disengages when the tool is lifted. Thus the air Poppet throttle 

motor always operates close to rated speed and valve ——— 

, power. Full movement of the poppet throttle is 





made possible by a built-in air regulator, which 
can be adjusted to provide “stall” torque regulation 
_ on models without clutches or with jaw clutches 
only. 


ne 
Air regulator 
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Flush Latches 


A development of the aircraft 
industry, flush latches today 
offer a wide range of practical 
usefulness for door or panel 
fastening. The combined fea- 
tures of flush mounting and 
positive operation make these 
fasteners particularly attractive 
as functional design components 
contributing to product appear- 
ance, performance, and safety. 
Available types can be readily 
adapted to varying sizes, shapes, 
and thicknesses of metal, plastic 
or wood, In most cases, hinges 
can be eliminated through a 
multiple installation in which 
the latches themselves serve as 
pivot connections. Typical fast- 
ening possibilities in design are 
shown in the accompanying il- 
lustrations on this and the fol- 
lowing pages which illustrate 
some standard latch types and 
their application. Products of 
the Hartwell Co., these flush 
latches are also available in sev- 
eral modified forms to meet 
specific installation require- 
ments. 


Basic type of trigger-action latch, suitable for use 
with light and medium thickness metals, provides a 
secure lock in closed position and serves as a lever 
to draw mating surfaces into alignment. In operation, 
the latch is opened by depressing a trigger at the rear 
to release the latch bolt which swings about 90 de- 
grees under spring action. Closing is accomplished by 
moving the latch bolt back into position, auvtematically 
resetting the trigger. Standard variations of this latch 
type include a number of trigger and latch bolt offsets 
to meet different mounting requirements. In addition, 
several modified constructions are available for high 
loads, vibration or other severe conditions. 

For holding circular access doors or coverplates in 
place, three latches can be utilized effectively, as 
shown, to eliminate the need for hinges. Another 
method of mounting employs the latch flush with 
the face of the door, the latch bolt engaging the un- 
derside of frame. in the installation shown, a slot 
rather than a hinge has been used to position the 
bottom of the door and thus permit easy removal. 
For installation away from the face of the door or 
panel, a hat section can often be used for mounting. 
In this case, however, it is usually necessary to pro- 
vide a gasket for sealing the mating surfaces. 




















Ci aih atie on e et tn  eee 








DESIGN DETAILS 
































‘s 


MACHINE DESIGN—December 1953 























Practical solutions for design problems with standard components — 








A modification of the basic type, this trigger- 
action latch provides a rugged shielded construc- 
tion to protect the latch mechanism from damage 
by radiated heat or flying particles. In addi- 
tion, the hook shape at the end of the latch bolt is 


Oversize trigger-action latch for in- 
stallation on large equipment is de- 
signed to withstand severe service con- 
ditions. The self-adjusting latch-bolt 
saddle carries a spring-loaded button 
which automatically compensates for 
frame thickness variations and misalign- 
ment. Face of trigger is especially large 
to facilitate opening of latch by per- 
sonnel in adverse weather. 
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advantageous for preventing motion of the door or 
panel along an axis parallel to the latch. Suit- 
able for use where heavy load and vibration con- 
ditions exist, this design will stand up under se- 
vere service without accidental opening. 














Self-closing latch type differs from trigger- 
action latch in that the latch bolt automatically 
resets when the door or panel is closed. Varia- 
tions in mounting frame thickness are com- 
pensated by changing the thickness of the 
operating handle. Design of the self-closing 
mechanism permits the use of an infinite variety 
of handle sizes, shapes, and materials to meet 
operational requirements. 














DESIGN DETAILS 
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A modification of the self-closing latch, this 
type employs two pushbuttons to replace the con- 
ventional operating handle. Opening is accom- 
plished by a simple pushing and lifting action 
which acts to withdraw the latch bolt. A sturdy 
grip. for opening the latched surface is provided 
by the rear button which raises as the latch bolt 
is withdrawn. 


Cembining the features of trigger action and push- 
button operation, this flush latch has only two but- 
tons visible when closed. Installation is facilitated 
by the design which can be readily sealed for pro- 
tection against splashed liquids, dust and light. 














Hook type latch provides positive closing un- 
der heavy load conditions. Opening a release 
trigger permits the body of the latch to re- 
volve about a point, allowing the hook to 
swing clear of an engaging pin. The two-pin 
design safeguards the latch against accidental 
opening and the cam take up construction of 
the hook provides additional force to assure 
positive closing. In addition, the rectangular 
slot mounting simplifies installation. 
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Pin latch employs a sliding bolt to 
assure secure fastening under severe load 
conditions. A double guard against ac- 
cidental opening is provided by the op- 
erating lever which is itself a hook type 
latch. The protruding pin engagement 
permits the latches to be used as pivots 
in a multiple installation, eliminating 
the need for hinges and at the same 
time facilitating complete removal of 
the panel or door. In addition, the tap- 
ered pin end provides a “draw-in" ac- 
tion to assure complete closing. Latch in- 
stallation is facilitated by the design 
which requires only a rectangular cut- 
out and can be mounted by several 
different methods as shown. 
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FLUSH LATCHES 
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Small British Diesel 
Uses Unified 


Screw Threads 










































LL threads in the new “Husky” die- 

sel conform to the unified thread 
system adopted as standard in the 
United Kingdom, Canada and the United 
States. The small general-purpose die- 
sel developed by Russeil Newbery & Co. 
Ltd., Essex, England, incorporates a 
patented combustion system which pro- 
vides easy starting and quiet running 
even on low-grade fuels. The vertical, 
single-cylinder engine, 
with a bore of 334 inch- 
es and a stroke of 41% 
inches, provides 5 to 8 
horsepower on a 12- 
hour rating basis over 
its speed range of 1000 
to 1500 rpm. It is par- 
ticularly suited to agri- 
cultural machinery and 
diesel-electric sets (as 
shown). 


Inlet and _ exhaust 
valves are arranged hor- 
izontally and can be re- 
moved for servicing 
without removing the 
cylinder head. One main 
bearing housing is de- 
tachable to facilitate 
crankshaft removal, 
while the other is in- 
tegral with the main 
crankcase casting. Cyl- 
inder liners are of the 
wet type. Piston is of 
low-expansion aluminum 
alloy; connecting rod is 
an H-section alloy steel 
forging with the big-end 
bearing split at an angle 
to simplify removal 
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through the cylinder bore. 

All bearings and the valve gear are pressure- 
lubricated by a gear pump which delivers the oil 
through a “full-flow” filter; a pressure regulator 
and gage are included in the circuit. The horizon- 
tal, chilled cast-iron camshaft is driven from the 
crankshaft by a set of helical gears, of sufficient 
capacity to drive a half-speed power take off. 
Valves are operated by a conventional push-rod and 
rocker arm system. 


Heart of the combustion system is the special 
design of the cylinder head. During the compres- 
sion stroke the air charge is forced through the 
tangential throat and given a rapid swirl. At the 
moment of injection, the plug on the piston enters 
the throat and, in combination with the cut-away 
passage, creates definite, controlled turbulence 
which effects smooth and complete combustion 
without detonation. The absence of peak pres- 
sures is said to prolong life of the working parts 





= 





O AGITATING pump is used in the Bel- 

mont wet-blast cabinet of Vacu-Blast Co. 
Agitation of the slurry, a water suspension of 
fine abrasive, is provided by an ejector, which 
draws liquid from the top surface and shoots it 
tangentially into the mixing chamber. An an- 
nular air jet in the blast gun provides strong 
suction to draw slurry to the gun, and accel- 
erates the slurry to high speed through the 
converging nozzle. A high-pressure 700 cfm cen- 
trifugal blower pulls vapor from the cabinet 
through the filter. Water spray cleans the filter 
and window, and drains to a separate sump. 
High intensity flood lamps give a high level of 
illumination. 


SE Se 
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Wet Blast Cabinet Operates Without Pump 











































greatly, while even heat flow from the apex of 
the piston eliminates sticking rings and causes 
minimum liner wear. 











STS Ta 


eT or ey eres 


ae 








=e 



















—H 








Fig. 1—Fundamental geometry of 
contact in metal traction drives 
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OME form of drive means is required for ev- 
ery machine—machine being here defined in 
its broadest sense. Correct selection, design, 

and application of that drive are often funda- 
mentals in the design of the machine and frequent- 
ly determine whether the machine performs prop- 
erly. The drive may take the form of a spring 
which drives your wristwatch, air or hydraulic 
cylinders, solenoids, weights, winds or tide, but 
by far the greatest numbers of drives involve 
rotational power applied to shafts. 

The number and complexity of drive applica- 
tions are as great as the number and complexity 
of machines, and in the solution of drive problems 
many types and a great variety of means have been 
utilized and developed. For the purpose of this art- 
icle these drive problems may be divided into 
two broad classifications: those where a constant, 
or nearly constant, or rarely changed speed is re- 
quired, and those where the speed is frequently or 
continually changed. Many machines currently 
built for constant-speed devices would give im- 
proved performance if suitable means for chang- 
ing speed were economical or practical. 

Variable-speed drives have been developed in 
many forms. In this article developments in new 
forms of speed changers are reported. These new ar- 
rangements all employ the principle of traction 
drive, relying upon frictional contact for the trans- 
mission of forces. All-belt drives, friction clutches, 
and contact between a tire and the road are ex- 
amples of friction drives. More specifically, these 
new developments are in all-metal traction drives, 
commonly exemplified in principle by a steel loco- 
motive wheel and a rail. 



















By Charles E. Kraus 


President 
Kraus Automatic Machines Corp. 
Rochester, N. Y. 


All-metal traction type speed changers to be 
discussed in this article have the additional char- 
acteristics that these surfaces are hard and highly 
finished and operate fully enclosed in the pres- 
ence of low-viscosity, frequently special, oil. They 
could be considered as having evolved from earlier 
friction drive designs that utilize tarred fiber or 
leather disks but today they are as different as 
modern automatic transmissions are from those 
same friction drives applied to early automobiles. 

All-metal traction drives offer several advan- 
tages: they are are easily adjustable, stepless 
throughout their speed range, compact, and require 
no auxiliary control equipment. Costwise, they 
are in line with other drive systems. 

To their disadvantage in the past has been the 
handling of load surges and temporary overloads. 
Practically all other types of drives either have 
very large momentary overload capacity or are 
relatively unharmed by such overloads. Gear-driven 
units have as a reserve the breaking strength of 
the teeth, although normally operated well below 
such loads for long wear life. Most adaptations 
of electric motors have considerably higher stall 
torque than running torque, particularly dc mo- 
tors. Overload conditions do no harm if overheat- 
ing is controlled. The various belt drives can be 
damaged by excessive slippage but such slippage 
affects belt life only. 

It is obvious that with all-metal traction drives 
there can be but two practical viewpoints on the 
problem of overload. First, the resulting slippage 
can cause distributed wear with no other major 
damage or, second, the design must be such that 
no slippage can occur. 
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New Approaches 
































to VARIABLE-SPEED DRIVES 





++-@ report on fundamental research in met- 


al-to-metal friction drive and application of 


the findings to new types of speed changers 


How this problem has been approached will 
be discussed first. Then, how the resulting infor- 
mation has been applied successfully in the design 
of new types of drives will be described. 


Nature of Contact: Certain basic fundamentals 
are present in all-metal traction contacts. Fig. 
1 shows such a contact with the axis of rotation of 
rolling member A parallel to the contact surface 
and the motion direction of race member B. When 
the traction force is approximately zero, the con- 
ditions are the same as in a radial ball bearing 
under pure radial load. Contact force capacity is 
the same, as is the hardness effect of the members 
and the finish requirements. Under no load the 
contact is theoretically a point having no area. 
Under load, deflections occur in both members at 
the contact point, producing an area of contact 
with stresses varying from edge to center. This 
deflection is normally very small but the area 
may be appreciable, Fig. 2. The surface of race 
member B is depressed and rolling member A is 
flattened. Position of A relative to B is changed 
by the sum of these two deflections. For a given 
average life and set of conditions, the allowable 
contact force varies as the square of the curva- 
tive diameter. Ultimate failure in the race contact 
surfaces is due to fatigue caused by repeated stress 
reversals and normally occurs beneath the surfaces, 
resulting in a spalling or flaking. Surface wear, in 
the absence of dirt, is not present. Failure, when 
it occurs, is apt to be quite fast. Useful life is an 
inverse function of speed or a direct function of 
the number of stress reversals. 

Next to be considered is what happens when A 
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drives B. When two members are in contact and 
an attempt is made to move one relative to the 
other, a resisting tangential force immediately ap- 
pears at the contact. This friction force is as fun- 
damental and inevitable as deflection under load. 
The ratio of friction (or traction) force to contact 
force under conditions of slip or incipient slip, is 
known as the coefficient of friction and is the 
tangent of the friction angle, Fig. 1. 

The coefficient of friction between two highly 
finished, hard metal surfaces is a function of the 
materials and the presence and nature of lubri- 
cants on the contact surfaces. Since all metal 
traction type speed changers are being analyzed 
here, it will be assumed that a lubricant is always 
present. Under such conditions the coefficient of 
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Deflection of A surface 





















Deflection of & surface 


__ Fig. 2—Deflection of contact members 











friction is found to be a function of speed and is 
greatly influenced by the viscosity of the lubri- 
cant. This is understandable since the contact is 
a rolling one and the lubricant must be squeezed 
from the contact area upon which rolling is to 
occur. How “dry” this contact is squeezed depends 
on speed of rolling and viscosity of the layer of 
lubricant. Time, although infinitesimal, is required 
to squeeze out this lubricant. Regardless of time, 
however, there is always some lubricant in the con- 
tact area, perhaps only in a layer of molecular 
thickness. As might be expected then, character- 
istics of the lubricant such as oiliness affect the 
coefficient of friction as well as viscosity. 

During development of new designs of these 
speed changers, many tests have been run to de- 
termine coefficients of friction. Two types of test 
equipment were used. The first used adjustable 
means for presetting a known contact force and 
hy means of prony brake and dynamometer equip- 
ment, different values of traction force up to the 
slip point were imposed. Fine-finish hard steel sur- 
faces were used and various lubricants were tested 
at selected rolling speeds. The second type equip- 
ment used wedge members (sprag system) to pre- 
set the ratio of traction to contact forces and was 
loaded by dynamometer equipment. Tests again 
were run at different rolling speeds and with 
different lubricants. This second type equipment 
was especially valuable in determining wear and 
types of wear and in running accelerated life tests. 
Results are summarized in the following para- 
graphs. 

At slow rolling speeds (about 200 fpm) the co- 
efficient of friction was not greatly affected by 
variation in viscosity of lubricants up to 300 Say- 
bolt seconds universal at 100 F. Values of from 
0.08 to 0.09 were typical. As the rolling speed in- 
creased the coefficient dropped rapidly with the 
higher viscosity values, so much so, that no tests 
were made with lubricants above 100 SSU at 100 F 
at rolling speeds over 2000 fpm. At this speed typ- 
ical coefficient values ranged from 0.06 to 0.07, and 
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at rolling speeds of 4000 fpm the values dropped 
to 0.045 to 0.055. Difference in values between high 
oiliness (some compounded) and straight mineral 
lubricants was apparent and is reflected in the 
range of values noted. 

These tests were correlated with the wear tests 
and it was concluded that the ideal lubricant 
should be very light, at least for high rolling 
speeds, in the range of 60 to 80 SSU at 100 F and 
should have good oiliness characteristics even 
though the coefficient of friction was somewhat 
lower. A completely neutral, noncorrosive and very 
stable lubricant is required. In some tests, serious 
corrosion was found in closely fitted surfaces sub- 
jected to*intermittent stresses, as in fits between 
housing and races. Corrosion was not evident on the 
contact surfaces but may have contributed to wear. 

Also in relation to the type of contact shown 
in Fig. 1, there may be some interest in observa- 
tions on race failures and wear when the axis is 
parallel to the contact surface. When tests were 
run with a ratio of traction force to contact force 
well below the slip point, no surface wear was 
visible and failures were by subsurface fatigue. 
Just at the slip point, the first slippage seemed to 
be intermittent and above the slip point the sur- 
faces were destroyed by seizure and galling. The 
point to note is that up to a quite definite slip 
point, no slippage nor indication of slippage in 
surface wear was found in parallel axis tests and, 
as may be expected, the allowable contact forces 
appeared to be similar to forces in bearing con- 
tacts where no traction force is involved. In other 
words, the use of the contact as a traction element, 
when the ratio of traction to contact force was safe- 
ly below the slip point, does not appear to notice- 
ably affect allowable contact load. It may be noted 
here also, that all tests to date, although not con- 
clusive, indicate that this is true regardless of the 
type of contact. Factors that diminish capacity ap- 
pear to affect both traction and nontraction con- 
tacts about equally, when all other conditions are 
the same. 
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Diagrammatically, Fig. 3 shows the more general 
type of contact found in traction type speed chang- 
ers. The axis of the rolling member A is no longer 
parallel to the contact surface but at some angle 
to it. Fig. 4 indicates how the paths of motion of 
the two members, although tangential within the 
contact area, do not follow the same path. It is 
apparent that the tilting of the axis has introduced 
a new factor. Where first there was a pure rolling 
action, there is now a spin action within the heav- 
ily loaded contact area. Amount and seriousness 
of this spin action are dependent on the inclination 
of the axis, the relative diameters, and the size 
and stress distribution of the contact area. This 
same spin action is found in many ball bearings 
and is quite pronounced in thrust bearings operat- 
ing at speeds that produce considerable centrifugal 
force on the balls. As would be expected, this ac- 
tion introduced surface wear which was not notice- 
ably present with the axis parallel. Although, to 
date, tests again are not conclusive, it appears 
that this spin does not greatly affect the coef- 
ficient of friction. However, the oiliness character- 
istic of the lubricant does definitely have an ef- 
fect on the rate of wear. With better oiliness, a 
small drop in coefficient of friction results in a 
small increase in necessary contact force for a 
given traction force and offsets to some degree 
the reduction in wear due to the increased oiliness. 
Nevertheless, and paradoxical as it may seem, the 
conclusion is that for best overall results these 
all-metal speed changers operate best, life factors 
considered, with a friction decreasing lubricant on 
the contacts that operate the units through friction. 
Determining allowable contact forces for a prac- 
tical speed changer life is complicated by many 
factors. The contact area for a given load is a 
function not only of the curvature diameter but 
also sometimes of the restriction in the width of 
the area by the geometry of the parts. Wear, 
rather than fatigue, determines average contact 
pressure and contact forces; therefore, these fac- 
tors must be lower than would be indicated by 
antifriction bearing type computations. Wear, in 
turn, is a direct function of the oiliness of the 
lubricant and of the frequency of contacts over any 
given surface. For a given design, since many of 
the factors involved may be peculiar to the design, 
the final determination of practical ratings must 
be obtained by life or field tests. Closely simulated 
laboratory tests are, however, of great value in 
determining design assumptions and in the selec- 
tion of lubricants and construction materials. 
What then are the possibilities of all-metal trac- 
tion type speed changers? Past experience with 
them shows that they are compact devices, self- 
contained with auxiliary controls unnecessary, that 
they can have practical ranges of output speed, 
that this speed is easily adjustable and completely 
stepless. It is known that they must be rated on 
the basis of wear rather than fatigue but, from field 
‘experience with existing production designs, it 
is also known that the capacity is high, ranging 
from 1 to over 3 hp per contact. Furthermore they 
perform best with special lubricants and cleanli- 
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ness of the lubricant must be safeguarded. Past ex- 
perience has also shown that difficulties, other 
than those caused by improper or contaminated 
lubricant, have been caused by overload applica- 
tions, continued operation for long periods at a 
fixed ratio causing localized wear, and inability 
of some designs to take rapidly applied or fluctua- 
ting loads without slip. Efficiency, not yet men- 
tioned, varies with current production models from 
zero at zero output speed, an extreme obtained in 
conjunction with planetary gearing, to values ap- 
proaching 90 per cent with favorable ratios, ob- 
tained even though the designs contain bearings 
that are subject to contact force loads. 

From laboratory tests, from work on new de- 
signs and from tests on pilot models of these 
designs, it has been concluded that past difficulties 
can be eliminated, that capacities can be further 
improved and that overall efficiency can be con- 
sistently high. Difficulties due to overloaded ap- 
plications can be overcome by proper rating or by 
education of the user in the nature of the mech- 
anism he is using. Difficulty with localized wear 
can be minimized by periodic varying of ratio set- 
ting to distribute the wear over greater areas. This 
practice is almost always possible and again re- 
quires understanding by the user of the nature of 
the mechanism. Overload and fluctuating load can 
be handled by proper design. Here it is essential to 
have the contact force build up with load prac- 
tically instantaneously and requires attention to 
the inertia of the parts affected and to the struc- 
tural deflections accompanying the build-up that 
operate to limit its magnitude. Consistent high 
efficiency requires, of course, the elimination of 
sources of energy loss. Losses at the contacts are 
inherent, but bearings subjected to contact forces 
are loss sources that can be eliminated. 

Theoretically it appears possible to have operat- 
ing characteristics similar to gear drives in these 
units. A gear has, as a reserve, the breaking 
strength of the teeth and, except when exactly 
on pitch line, is subject to a scuffing action. Wear 
on the teeth is a function of lubricant and load. 
For long life the allowable normal loads are ap- 
preciably below the structural strength. The trac- 
tion drive units have, as a reserve, their capacity 
to withstand brinelling, and the spin action pres- 
ent on the rolling contacts introduces a scuffing 
action. Wear on contact surfaces is a function 
of lubricant and load. For long life the allowable 
normal loads are appreciably below the compres- 
sive strength. A necessary requirement of this 
similarity of operating characteristics is a design 
that permits utilization of this full reserve of com- 
pressive strength on overload. Bearings that sup- 
port gears are subject to loads not in excess of 
tangential forces transmitted. Bearings in trac- 
tion drives, for similar bearing losses, should also 
carry only tangential force loads, not contact 
force loads. From a practical standpoint, gearing 
should be designed with strength sufficient to stall 
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their power source and this strength requirement 
should normally be less than their breaking 
strength to allow an operating factor of safety. 
Traction drives also should be designed to be able 
to stall their power source without damage with 
an operating factor of safety and this implies not 
only that no brinelling occurs but also that no 
slipping condition develops. 

In the remainder of this article new develop- 
ments in traction drives will be discussed and a 
number of designs that meet all of these require- 
ments will be presented. 

































Dual Traction-Ring Design: Fig. 5 shows a pilot 
model of one new development in all-metal trac- 
tion type speed changers. A schematic view of the 
traction elements is shown in Fig. 6, which also 
shows a gear drive from the speed-changer jack- 
shaft back to the input drive centerline. This unit 
can be designed for output speed ratios up to 10 
or 12-to-1 and this range for a given input speed 
can be easily positioned by selection of the output 
spur gearing. The basic traction elements are a 
double conical spool-section disk, normally used as 
the drive member, keyed to the input shaft; out- 
put disks consisting of two matching conical sur- 
faced members rigidly attached to a heavy shaft 





section so as to become essentially a single spool- 
shape member; and two ring-shape traction mem- 
bers interposed between matching conical surfaces 
of input and output disks. 

The entire mechanism is enclosed in an oiltight 
housing, the input and output shafts are suitably 
journaled and sealed at the housing and the jack- 
shaft is journaled in a carrier (not shown), which 
maintains its axis parallel with the axis of the 
input shaft. The traction rings are carried in a 
cage and supported and positioned by rollers (also 
not shown). The drive ratio between the input 
shaft and jackshaft is determined by the position 
of the rings, as is obvious from Fig. 6. Adjustment 
of ratio is accomplished by tilting the ring sup- 
port cage which causes a self-energized progres- 
sion of the rings to the desired ratio producing 
location, without introducing a sliding or scuffing 
action. 

An enlarged section at the contact points is 
shown in Fig. 7. The sides of the traction rings 
are ground to a large radius and finely finished. 
They contact the finely finished conical sides of 
the input and output disks. All three parts, of 
course, are hard. This combination of three ele- 
ments is similar to the combination of a ball in 
contact with two races, with one essential dif- 
ference. The radius of the contact surfaces is 
considerably larger than half the width of the 
ring. By this means, the plane of the ring is sta- 
bilized parallel to the planes of the contact sur- 
faces. The contacts are maintained directly op- 
posite so the contact forces are in line. 

Fig. 8 shows an enlarged section of these con- 
tact points in a plane perpendicular to Fig. 7 un- 
der conditions of no traction load. Contacts are 
opposite each other and are in the plane of the 
axes of the disks. When no tractive effort is pres- 
ent, contact forces are only sufficient to insure 
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actual contact. Such contact is maintained by an 
automatic take-up means (not shown) which im- 
poses a small preload and serves also to take up 
normal small increments of play which may be 
present in the bearings. 

If a load (torsional resistance) is put on the 
jackshaft (drive output disks by input disks 
through traction rings), traction forces are pro- 
duced at the contacts in the ring members as 
labeled in Fig. 9. Note that these traction forces 
are in opposite directions on the two contacts and 
impose a force couple on the rings. If all members 
were completely rigid, the rings could not swivel 
in the plane of Figs. 8 and 9 and the resulting 
contact forces would be infinite. 

Therefore, the amount of ring swivel and the 
ratio of traction to contact forces are functions of 
the deflection of the elements. It is apparent that 
in swiveling the ring, the input and output disks 
are wedged apart at the contact points and reac- 
tion forces from the contacts are in line. This 
swivel action induced in the rings as a function of 
traction effort and controlled by deflections in the 
component members is a basic fundamental of this 
design. Given the maximum traction force the 
design is to handle, adequate to stall the power 
source, and knowing the maximum ratio of trac- 
tion to contact force that is safe for the operating 
speeds and lubricant, one can valculate the width 
of the rings and the required sum of the deflec- 
tions of the driving and driven members. Com- 
pression deflections at the contact areas are very 
small but can be taken into consideration. Since 
the required deflections are a function of the ring 
widths and since the traction to contact force ratio 
decreases with increased ring width for a given 
angle of swivel, it is obvious that relatively wide 
rings are essential for practical design. 

Referring to Fig. 6, it can be seen that contact 
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forces on the input disks are balanced within this 
member and, except for a small component due 
to this angle of the conical surfaces, these forces 
are not transferred to the journal bearings. The 
conical angle is relatively small, not only to keep 
this component force small, but also to increase 
the effective curvature diameter of the contacts 
with accompanying increase in load carrying abil- 
ity. Deflection at the input contacts is equal to 
a component of the input shaft deflection plus 
the deflection of the flanged conical sides. It can be 
seen that this latter deflection is a function of the 
radial position of the contacts and is about zero 
near the shaft and a maximum at the peripheral 
point. In a like manner, the total deflection at the 
output contacts equals the shaft and the disk de- 
flections. These deflections are a minimum when 
the contacts are at the periphery of the input 
members. Contact forces again are contained with- 
in the rotating assembly. Bearing deflections do 
not enter into either total to an appreciable extent 
because such loading as they carry is purely radial, 
and initial play, if any, is kept out. 

Since total deflections of all members for any 
contact position can be calculated, it is possible 
to proportion or design shaft sizes and all drive 
members. The resulting shape of these members 
is about as shown and the flanging of the input 
member and the use of the relatively heavy shaft 
diameter of the output disks are necessary and are 
dictated by requirements. 

Ability to handle suddenly applied overload or 
fluctuating loads is determined by the ability to 
buildup contact forces to the extent required and 
fast enough to match the load. With this design 
the action is almost instantaneous. The only rela- 
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tive motion involved is a very small tilt of the two 
low-inertia traction rings. 

Buildup of forces is not disturbed by deflections 
of either component members or bearings. This lat- 
ter source of deflection may be a serious one, par- 
ticularly if radial thrust type bearings are involved 
carrying contact rather than traction loads. For 
high efficiency, bearing losses are a minimum and 
all heavy contact forces are contained within the 
rotating parts. From cost and maintenance stand- 
points, the basic elements are simple and rugged. 
Wear, which is inevitable with all designs, can be 
held to reasonable limits by proper rating of the 
units, proper materials and good workmanship. 

This design makes use of two input and two out- 
put traction contacts. As presented, it is par- 
ticularly suited for the range of about 4%, hp to 5 
hp and output ratios from about 4-to-1 to about 
12-to-1. 


Traction-Spool Designs: Two important factors 
to consider in the design of all-metal traction-type 
speed changers are the rate of wear on contact 
surfaces, and the efficiency. The rate of wear, as- 
suming clean lubricant, is influenced by the area 
of the contact and by the effect of the spin action 
always present. The area of contact, in turn, is a 
function of the curvature diameter, the hardness 
of the surfaces and the magnitude of the contact 
forces. Wear does not appear to be noticeably af- 
fected by the presence or absence of traction forces 
if these forces are safely below the slip point. 
Both laboratory tests and field experiences have 
shown that, when contact forces are relatively low, 
wear becomes negligible. 

Efficiency is affected by energy losses caused 
primarily by three sources. Bearings supporting 
the various elements are an important source of 
loss only if loaded by contact rather than traction 
loads. Under traction loads, well designed bearings 
should not account for over 1 or 2 per cent of the 
input power at full load. Windage and churning of 
the lubricant accounts for more loss. Lubricant is 
required, as far as the contacts are concerned, 
only as a thin film but splash or dipping of trac- 
tion elements is necessary to carry heat produced 


Fig. 10—Encased units of traction-spool design 





to the housing walls for dissipation. If the lubri- 
cant level is maintained too high this source of 
loss can be appreciable, the same as sometimes is 
found in overlubricated high-speed gear boxes, but 
a lubricant level sufficient for the requirements 
does not cause much energy loss. Losses from this 
source seldom exceed 1 or 2 per cent. 

The third source of energy loss occurs in the con- 
tact areas and is caused almost entirely by the 
spin action. With low contact forces, the contact 
areas are small and these losses are low. Actual 
figures are dependent on too many factors to make 
possible any but the most general indication of 
range, but in percentage of energy input such 
losses range from 3 or 4 per cent on very light 
loads to 10 or 15 per cent on loads approaching 
the brinelling point of the races. The range in- 
dicated is, of course, predicated on the use of 
selected lubricants, fine finished hard surfaces 
and the absence of abnormal conditions such as 
misaligned parts or dirt. 

If a speed changer is to be designed for use only 
with light loads, as would be the case for subfrac- 
tional powers of, say, 1/6 hp maximum, advantage 
can be taken of the low wear rate and energy loss 
of light contact loads and a very simple mechanism 
can be produced by allowing a maintained maxi- 
mum contact force. The traction-spool design is of 
this type. 

Shown in Fig. 10 is a photograph of a pilot 
model of such a unit and Figs. 11 and 12 show the 
schematic arrangement of the simple traction ele- 
ments used. Input and output shafts carry disks 
having on adjacent faces suitable gooves for balls 
to carry thrust between the disks. The nonadjacent 
faces have as a radial profile a gear tooth form, 
as for example an involute or modified involute. 
Supported on a suitable axis, carried in the present 
instance by a U-shape bracket, is a spool-shape 
third member. The inner surfaces of this member 
also have as a profile a gear tooth form, as for 
example a straight-side rack tooth or modified 
form, and contact the mating surfaces of the input 
and output disks. Note that, in a sense, the input 
and output disks taken together are similar to a 
gear tooth in mesh with two teeth represented 
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by the flanges of the intermediate spool. By tilting 
the axis of the spool in the plane of Fig. 11, the 
points of contact on the input and output disks 
move radially in opposite directions and wide ratio 
range is readily obtainable above and below input 
speed. Tilting of the spool is accomplished by a 
small rotary movement of a lever to which the 
U-shape bracket is pivotably attached. At either 
side of the central position, this bracket rocks away 
from the centerline of the units by a small amount 
dependent on the profile shapes and “tooth” width. 
A spring centrally attached to the bracket is used 
to furnish operating contact forces adequate for 
the power to be handled. 

The entire mechanism is enclosed in an oiltight 
case and the input and output shafts have suitable 
bearings and seals. The adjusting lever it attached 
to an inside wall of the case by a stud shaft. Aside 
from the requirement that input and output shafts 
be on the same centerline for proper alignment of 
the ball thrust bearing separating the disks, there 
are no tolerance or alignment problems. Contact 
surfaces must have correct profiles and fine finish, 
but localized wear, if it should occur, cannot affect 
ease of ratio adjustment. There is one drive contact 
on input and one on output. Theoretically capable 
of handling well over one horsepower, the design 
should be limited to subfractional power for rea- 
sons already outlined. 

Although the ball thrust bearing carries con- 
tact forces, these forces are low. Moreover, since 
both input and output shafts rotate in the same 
direction the thrust bearing must accommodate 
only the difference in their speeds. Except for this 
bearing, all contact forces are contained in the 
rotating members and all other bearings handle 
mainly traction forces. Total ratio range can be 
limited by design and by introducing stops on the 
tilt-control lever to limit the adjustment. Reduc- 
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tions to 5-to-1 and speedups of 2 or 3-to-1 have 
proved practical from pilot model testing. The unit 
is compact, reversible, inexpensive to manufacture 
and almost completely free from maintenance. It 
is presented for use in the countless applications 
where a low-cost, trouble-free speed changer is ad- 
vantageous for subfractional power. 


High-Reduction Planet Type: The two previous 
new developments have been concerned with designs 
which produced satisfactory ratio ranges above 
and below input speed. The position of this range, 
of course, can be altered by gearing. Any ratio of 
gearing can be used, but the ratio of maximum 
to minimum speed remains unchanged. 

Before a discussion of the development of the 
high-reduction drive, some comments appear to be 
in order concerning the combination of a speed 
changer and planetary gearing. Simple planetary 
gearing is composed of ‘a sun gear, a ring gear 
and a planet carrier with one or more planet gears. 
Normally one is the drive member, one is driven 
and the third is locked stationary. However, two 
members can be drivers by different sources and 
the third can be the driven member, with no mem- 
ber locked. If the ring and sun members are ro- 
tated in opposite directions or the sun and the 
carrier in the same direction, their speeds can be 
varied relative to each other, and the speed of the 
driven member can be varied down to zero speed 
or either side of zero. With traction type speed 
changers, there are always two rotational speeds 
available: the constant input speed obtained from 
the motor or drive source, and the adjustable out- 
put speed. 

With the traction ring design, such planetary 
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take-off gearing can be used very simply since the 
sun gear can be attached to an extension of the 
drive shaft, and the jackshaft can drive the planet 
carrier. In this case, both drive in the same direc- 
tion but the sun gear can be rotated very rapidly 
relative to the adjustable speed of the planet car- 
rier, and output speeds to zero are easily obtained. 
Studies have been made of the gear loads and of 
the division of power between drive sources. Pilot 
models of such gearing, in combination with the 
traction ring design, have been tested. 

A major problem arises as the output speed is 
lowered toward zero, stemming from the fact that 
the speed changer has constant power characteris- 
tics. The planetary gearing, below certain output 
speeds, introduces a feedback of torque to the 
traction contacts which can become destructive 
at or near zero output speeds. Such combination 
drives can be rated for constant or tapered torque, 
but still dangerous contact forces could result from 
abnormal load. One pilot model incorporated a slip 
clutch on the output shaft as a safety feature. This 
prevented damage and may be a practical answer, 
but of course it adds mechanism and expense. 

In the course of development work, particularly 
with combination planetary drives, a_ straight 
planet type traction drive was developed which 
does not have torque feedback problems but which 
theoretically is capable of output speeds adjustable 
to zero or nearly so. 

Two schematic views of the planet type traction 
drive are shown in Fig. 13. Fundamentally, this 
is a two-element planet drive. The ring gear is 
stationary and a single large planet is carried on a 
planet carrier which is the drive element. The 
single planet gear is the driven element, and out- 
put power is taken off by an all-metal connection 
from planet to output shaft which compensates 
for the off-center position of the planet axis. It is 
obvious that, for each revolution of the planet 
carrier, the point of contact between the planet 
and the stationary ring also makes one revolution 
and, therefore, the planet rotates backward by the 
distance that the circumference of the ring ex- 
ceeds the circumference of the planet. If an ad- 
justable pitch is introduced, it can be seen that 
the rate of rotation of the planet about its axis ap- 
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proaches zero as the diameter of the ring ap- 
proaches the diameter of the planet. This type of 
planetary, using special forms of gears for close 
matching of diameters, is well known but it has 
never been successfully applied to an adjustable 
traction type drive. 

The design shown in Fig. 13 is the result of 
applying the results of many tests and the tedious 
evolution of certain definite requirements that 
have dictated specific geometry of members. Two 
rings are keyed to the case, one movable axially 
by an adjusting means (not shown), and the other 
fixed. The planet ring rolls on these two rings and 
has one contact point on each ring. The adjacent 
surfaces of the stationary rings have a special 
formed surface to be discussed in a brief mathe- 
matical analysis to follow. It will be seen that as 
the adjusting ring is adjusted toward or away 
from the fixed ring that the contact points are 
moved closer or further from the center axis, ef- 
fectively changing the pitch circle of the rings and 
consequently changing the rotational speed of the 
planet. The planet runs on a bearing on the planet 
carrier which is rotated by the power source. The 
eccentric position of this carrier is obtained by 
driving the carrier through a sliding block in 
which is journaled the fixed eccentric forming a 
portion of the drive shaft. The rotational takeoff 
from the off-center planet to the output shaft is 
by conventional means with two lugs on each 
and an intermediate member separated by caged 
balls. 

The window in the planet carrier, in which the 
sliding block is gibbed, is off center by the amount 
of eccentricity of the eccentric so that the planet 
can come to a concentric position relative to the 
axis of the rings and the input and output shafts. 
Stops in the adjustment means can prevent move- 
ment to this extreme position. Although this funda- 
mental arrangement ideally answers the require- 
ments of the drive, the block design can be changed 
to a connecting rod design without greatly alter- 
ing the proper functioning. The drive shaft ec- 
centric cannot, however, be directly journaled in 
an off-center location in the carrier. This latter 
construction can be shown mathematically to be 
completely inoperative. 
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Since these traction type speed changers are 
essentially constant-power devices, 


P = N.T. 
where P = available power, N, = output speed, 
and T, = output torque. Also it is known that 

R, — Ry 
N, = Nj ——— 
Ry 


where N; = input speed, R, = radius of ring and 
R, = radius of planet. Combining these two equa- 
tions gives 


_ - 
~~ Ni(R, — Ry) 


oO 


Power P, input speed N; and planet radius R, 
can all be considered as constants, or PR,/N; = k. 
Term R, — R, is recognized as the distance be- 
tween the planet axis and the principal axis at any 
given time. The output torque therefore would 
vary as the inverse of R, — R,. 

In the force diagram of Fig. 14, the eccentric 
has moved relative to the carrier, through an 
angle @. Such movement has displaced the carrier 
vertically in the figure by distance R, — R,. It is 
obvious that 


R, — Rp = r — ros @ 
Therefore, the following relationship should hold: 
1 1 


T, =k =k 
R, — Ry 








Resolving moments about the main axis gives 
Fir = F;(r — r cos 6) 
or 


Fir 


FE, = -—————_ 
r—f?rcosé@ 


Therefore traction force F; is proportional to 
1/(r — rcos 6) and, of course, F; is proportional 
also to output torque 7,. Accordingly, the fore- 
going proportionality, T, = k/(r—r cos @), holds. 

Resolving moments about the center of the ec- 
centric gives 


F,.r = F,r sin 6 
or 


= sin @ 





r 


Ideally the ratio of traction force F; to contact 
force F, should equal a factor, designated ,», for 
safe operation. That is, 





and 
F, —aF, 


Substituting this equation in the foregoing moment 
equation gives 


F 
pet =sine 





F, 
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and 


Since F, is perpendicular to the contact surface, 
the angle of this surface from the radial should 
be the angle whose sine is »/sin@. Therefore the 
form of the adjacent surfaces of the rings can 
be determined. It may be interesting at this point 
to comment on what would result if these sur- 
faces were made, for example, conical or with con- 
stant angles of inclination. At some one point 
they could have just the right slope. As the 
contact points moved further out radially, in- 
sufficient contact forces would cause complete slip, 
or as @ approached 180 degrees, or zero, the con- 
tact forces could become excessive. 

The foregoing analysis shows that the described 
mechanism can be designed, theoretically, to have 
the exact ideal requirements for constant-horse- 
power operation. Output torque can be made avail- 
able in the exact amount required by the ratio of 
the input and output speeds, disregarding losses. 
Also, the contact surface wedge angles can be de- 
signed, by proper slope at the contact points cor- 
responding to all output speeds, to produce just 
the value of contact force required for safe opera- 
tion from the amount of radial force available. For 
example, if it is assumed that @ = 90 degrees, sin 
@=1 and the sine of the contact surface angle 
should equal ,» at that point. 

Reducing these findings to a practical design 
means in this case that the end of the range 
where @ approaches 0 must be modified inasmuch 
as the ring form goes to 90 degrees and then be- 
comes indeterminate; the forces become very 
high and the adjustment difficult. It is necessary 
therefore to limit the maximum reduction so that 
output speeds do not go closer to zero than can 
be safely handled. 

Two other comments should be made relative to 
this design. Bearing loads are primarily subject 
to traction loads because the contact surface angles 
are small over most of the range. However, as 
the lowest output speeds are approached, the bear- 
ings begin to be subjected to more and more of 
the contact force and bearing losses increase. Con- 
tact losses are also relatively high. This is be- 
cause, only slightly affected by ratio, the contact 
moving speed is a function of the input speed. Also 
particularly as the output speed decreases, contact 
forces are relatively heavy considering power han- 
dled, because of the high reduction ratios of the 
design. The combined result is somewhat lower 
efficiency under best conditions, and a rapid drop 
in efficiency, if power is maintained as output 
speeds approach zero. 

The design is reversible and is presented as 
particularly applicable for reductions from about 
15-to-1 to about 350-to-1 and for a power range 
to about 1% hp. 















Torque-Responsive Transmission: So far dis- 
cussed have been three new developments in trac- 
tion type speed changers, all designed for relatively 
low: power ranges. The traction-ring design handles 
the most power of the three and it is limited to 
about 5 hp. None of these designs had more than 
two traction contacts to divide the input or out- 
put loads. Now about to be discussed is a radical- 
ly different type design which will handle much 
higher power. This design is more than an ad- 
justable source of output speed; it is actually an 
automatic torque-responsive transmission capable 
of performance not possible with any existing de- 
sign and having ideal requirements for application 
to widely fluctuating loads and speeds. 

Fig. 15 shows a cross section through the center- 
line of a unit incorporating the principles of this 
new development. Fig. 16 shows a view through 
the indicated vertical centerline of Fig. 15. The 
traction elements comprise two input races, two 
output races and a number of balls, seven in this 
case, which are carried on shafts parallel to the 
centerline of the unit. The balls have traction 
contacts with each of the input races and with 
each of the output races. The number of traction 
contacts is then two for ball and, in this case, 
fourteen in all (compared with two with the trac- 
tion ring design). Ratio variation is accomplished 
by relative movement of input and output races 
axially in opposite directions, causing a shift in 
input and output contacts relative to the axis of 
the balls and accompanied by a small up or down 
vertical shift of the ball centerlines. For example, 
if the input races are moved somewhat closer to- 
gether the input traction contacts move up the 
side of the balls closer to the ball axis. The balls 


Fig. 14—Force condition within 
planet type drive design 
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are also moved radially outward a small distance 
and the outer races move apart, shifting the out- 
put traction contacts further out on the balls away 
from the ball axis. The reduced input moment arm 
and increased output moment arm acting on the 
balls therefore increase the relative rotational 
speed of the output races. A reversed movement 
of the races would decrease the relative rotational 
speed. 

Essentially this traction type is equivalent to 
two-stage gearing. The input races and the balls 
at contact diameters corresponding to a given 
position constitute the first stage, and in a similar 
manner, the balls and output races constitute a 
second stage. For any relative position of the 
elements a definite overall ratio is fixed. Readily 
obtainable ratios can vary steplessly from about 
a 4-to-1 reduction to about a 2-to-1 speed up, for 
a total range of 8-to-1. The effect of ratio range 
on ratings of the unit will be discussed. It may 
be pertinent to point out, however, that while the 
general arrangement of these elements is similar 
to planetary type gearing, it is usually not so con- 
sidered because, when the planet carrier is fixed, 
planetary type action is not involved. 

The bail traction elements in this development 
are free to float axially and radially without re- 
straint but circumferential movement is prevented. 
The parallel positioned ball axles are carried in 
blocks free to swivel on pins attached to nonrotat- 
able parts fastened to the case. The ball axles are 
therefore subject only to reaction forces (the sum 
of the traction forces on each ball) and heavy 
contact forces are balanced within the ball ele- 
ment. Bearings are thin bronze, running on hard- 
ened steel axles and pressure lubricated by oil 
holes in the axles communicating through the 
drilled axles, swivel blocks and pins to a built- 
in pump. Pressure-velocity values on these bear- 
ings are constant regardless of ratio setting for 
a given input speed. Bearing clearances are rel- 
atively open to allow a reasonable volume of oil 
to be thrown off of the ends of the bearings as a 
spray. This oil lubricates the races and sprag 
systems and is thrown out of the mechanism 
through spaced drain holes and returned to a sump 
(not shown) for recirculation. It therefore is used 
to carry frictional heat from bearings and con- 
tacts to the case for dissipation as well as for 
lubrication. The traction elements do not run 
in a lubricant but rather in a heavy spray. 

The output races transmit traction forces to a 
cylindrical housing attached to the output shaft, 
through a sprag system for each race. The sprag 
systems operate in a conventional manner and, in 
this case, comprise rollers adjacent to cam rings 
on one side, and the ground sides of the output 
races on the other side. A relatively large num- 
ber of rollers are used and the cam shapes are 
specially designed as dictated by functional re- 
quirements to be discussed. The output races are 
not otherwise keyed or attached to the housing and 
are therefore free to move circumferentially rel- 
ative to this housing a considerable distance with 
accompanying axial motion relative to each other 
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under the control of the sprag systems. They are 
keyed to each other by floating keys to insure that 
they move together circumferentially. 

If the distance the output races can move is 
stopped at any point by external means it is clear 
that further ratio change cannot take place in 
the stopped direction. Since this unit is torque 
responsive, increase of output torque over that 
available at a given ratio from the preset input 
torque, will cause the ratio to increase and the 
output shaft to slow down. If the output load 
decreases, the output speed will increase. There- 
fore the race movement stop mechanism is de- 
signed to prevent an increase of output speed above 
the setting desired. In other words, if an output 
of 1000 rpm is desired the adjustable stop is set 
for 1000 rpm. Any output torque exceeding the 
torque available at that speed from the preset in- 
put torque value will cause a decrease in speed 
from 1000 rpm setting, but a lighter load willl not 
allow a higher speed. The stop mechanism shown 
takes the form of a band keyed for axial movement 
on the housing with wide helical grooves on the in- 
side surface which act as stops for rollers carried 
on the keys. One side of these helical grooves 
stops the output race movement relative to the 
housing at a position depending on where the 
band is axially located relative to the housing. 
This position is determined by a roller, running in 
an annular groove on the outside of the band, 
which is attached to a journaled disk that is ad- 
justable by an external knob. 

Input races are also free to move circumferenti- 
ally relative to the hollow shaft member driven by 
the power source, under the control of sprag sys- 
tems, one for each race. These sprag systems are 
similar in design to those on the output races but 
are mounted opposite to conventional use. In- 
stead of the hollow drive shaft driving the input 
races through the sprag systems, forces are actu- 
ally fed back from the races through these sprag 
systems to the drive. It is by means of this re- 
circulation or feedback of forces, that the torque- 
responsive characteristics are obtained. Input races 
are not actually driven by the input drive shaft 
but by an auxiliary shaft through a double key 
which extends on each side of the auxiliary shaft 
through windows in the hollow shaft. The auxiliary 
shaft is attached to piston elements in a rotary hy- 
draulic cushion mechanism contained in a suitable 
case forming a part of the hollow shaft. Hydraulic 
pressure, controllable externally by a relief valve, 
is obtained from the same built-in pump used as 
a source of bearing lubricant and is used to trans- 
mit torque from the hollow drive shaft to the 
auxiliary shaft. Circumferential movement of the 
piston elements (and consequently the auxiliary 
shaft) relative to the cushion case is the same as 
that of the input races relative to the hollow drive 
shaft. It follows that the torque transmitted to 
the auxiliary shaft is controlled and determined 
by the lubricant pressure in the hydraulic cushion 
and, if the torque is increased or decreased on the 
auxiliary shaft above or below the amount that 
can be supported by this pressure, lubricant will 
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either be bypassed or added to the cushion cham- 
bers. This in turn causes movement of the auxili- 
ary shaft and input races relative to the hollow 
drive shaft. The input races therefore are moved, 
under control of their sprag systems, relative to 
each other. The resulting change in the ratio 
of the unit then decreases or increases the torque 
on the auxiliary shaft accordingly, restoring the 
torque to the amount that is supportable as set 
by the fluid pressure. 

The net result is that a change in loading 
of the output shaft will cause, automatically, a 
change in the ratio setting of the unit since the 
change in output torque is transmitted back to 
the input races. It was mentioned that there is a 
force feedback through the input race sprags to the 
drive. This force is about equal to the traction 
force and means that the torque applied to the 
auxiliary shaft is about double that required for 
the traction forces on the ball contacts. The 
force from the sprag cams feeds back to the 
cushion case and through the fluid to the auxiliary 
shaft thereby completing the circle. Fluid pres- 
sure is consequently about double what it would 
be without this feedback and sensitivity of the unit 
to load changes is beneficially affected. 

It should be noted that any change in output 
load tends to alter the ratio of the unit, not only 
because of this effect on the input race drive me- 
chanism but, also because of the action of the out- 
put sprag system. Increased load causes increased 
forces on the output sprags and tends to push the 
output races together. The same increased load 
tends to move the input races apart. The result 
is an increase in reduction ratio. Both actions 
occurring in the same direction make for a very 
stable operation and a rapid response to load 
changes. 

It is not necessary in this article to go deeply 
into the many design problems in this develop- 
ment, but several should be mentioned. Relative to 
the design of the sprag cams it is apparent that 
the slope of these cams is a function of the point 
of contact between the ball and the race. As this 
contact approaches the axis of the ball, the sprag 
cam carries a higher precentage of the contact 
force. As the contact shifts outwardly on the 
ball, the race tends to wedge the ball out and a 
smaller percentage of the contact force is carried 
by the sprag cam. Both length and depth of the 
cam lobe are functions also of the ratio of race 
section radius to the ball radius. For maximum 
rating and utilization of element capacity it is 
necessary to design the cams to produce only suf- 
ficient contact force, for any traction force pre- 
sent, sufficient for safe operation. All of these 
factors can be handled mathematically and there- 
fore the cam shapes can be exactly determined. 
It should be noted that deviation from the correct 
cam shape will result in either slip or excessive 
forces. A straight linear action by constant slope 
or resilient means would definitely prove inoper- 
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ative. In the design shown, these lobes are about 
%4-inch long and about 1/16-inch deep. 
Whenever a chair has more than three legs there 
is the problem of making all legs the same length. 
The same problem is presented when it is de- 
sirable to have a number of contacts divide a total 
load approximately equally. The problem brings 
in the question of precision but it can be solved 
by correct design. Balls and races are elements 
that can be manufactured by present-day equip- 
ment to a high standard of precision. Balls can 
be matched to diameters in hundred thousandths 
of an inch. Races can be finish ground relative 
to a reference surface almost as accurately. In 
the case of the traction races, this is the side 
surface on which the sprag rollers operate. Small 
as these tolerances are, they are not small enough 
to distribute contact forces equally on all con- 
tact points because the deflections of these points, 
even under full loading, are so small. The loads 
can, however, be nearly equalized by permitting 
deflections in the races. This can be done by 
designing the race cross sections somewhat like 
a Belleville spring and slightly crowning the sprag 


Hydraulic 
cushion case 


Cam ring Roller. Output 
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rollers. Also, both input and output races are a 
free slip fit on shaft or housing so deflections in 
any direction are unrestrained except as the sprag 
roller contacts act as pivots. The deflections re- 
quired for load equalization are not large for the 
element tolerances that are easily obtainable, and 
analysis indicates the added ring stresses are un- 
important. 

The question of ball load equalization brings up 
the general question of manufacturing precision. 
The ball diameters and races must be accurate, of 
course, but these present no greater problem than 
found with any antifriction bearing. Sprag rollers 
should be as near the same diameter as possible 
but again no difficulty is presented. The only 
other place a precision problem is present is with 
the sprag cams and their shoulder mountings. It 
is anticipated these cams can be coined and 
quenched in fixtures, but even if ground from solid 
hard rings the problem is not severe since the lobes 
are so shallow. In all other parts, either because 
of float or free fitting requirements, precision is 
not a problem. For example, in order to obtain a 
sufficient flow of lubricant from the ball axle 
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bearings a relatively free fit is required; con- 
sequently required concentricity tolerance of the 
ball holes is easily obtainable. Fits in the hydrau- 
lic cushion should be quite loose for considerable 
lubricant leakage because such leakage is desir- 
able for fast response to load changes. Even with 
high leakage, auxiliary reliefs are built into the 
cushion for fast evacuation on sudden overload, 
rather than relying on the externally adjustable 
control. 

Rating of a unit, as described, is a function of 
several factors. As the ratio range is increased, 
(and built-in stops can control the ratio limits) the 
power capacity is decreased inasmuch as contact 
forces increase. Changing the ratio range from 
8-to-1 down to 6-to-1 increases power capacity 
about one third. Ball diameters have considerable 
effect. For a given number of balls, not only do 
curvature diameters increase with the ball diam- 
eter, but traction moment arms increase through- 
out the unit. It is probable that ratings are 
roughly a square function of overall size. Local- 
ized wear due to prolonged operation on a given 
setting controls practical ratings for industrial 
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applications on most such devices. For applica- 
tions where load conditions cause almost contin- 
uous ratio change, ratings can be definitely in- 
creased in this torque-responsive design. 

The design is presented as being particularly 
adapted for industrial type drives for ratio ranges 
of about 6-to-1 and horsepower ratings up to about 
30 hp. The unit will always start at maximum re- 
duction ratio regardless of speed adjustment, be- 
cause in the absence of lubricant pressure the 
ratio changing elements move to this position. 
High-inertia loads therefore can be started with- 
out strain or special drive motor torques. As the 
inertia is overcome, the output shaft will come 
up smoothly to the speed setting. Torque load 
on the drive motor can be set for any value and 
will remain constant throughout the ratio range. 

A very interesting application possibility for this 
development is its use as an automatic trans- 
mission in automotive drives. The automotive en- 
gine produces a torque that is high at low speeds, 
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gradually lower with increase of speed until at 
high speeds it falls quite rapidly. The output 
horsepower increases with speed to a maximum 
and then falls off. At some one speed it produces 
maximum power and the torque at this speed is 
below the maximum torque value. Consider the 
effect on available power to the rear wheels if a 
transmission would load an engine to maximum 
power torque throughout all ratios. The difference 
between this torque and that obtainable at speeds 
under maximum power speed is available for ac- 
celeration of the engine and full engine power is 
therefore at the call of the car regardless of road 
speed. With 4-to-1 reduction, plenty of torque 
at the rear wheels is obtainable and this torque 
can be obtained throughout practically the entire 
city driving speed range. When going down a hill 
or cruising, a 144-to-1 speedup allows the engine, 
still pulling at full torque, to run more slowly. 
Top car speed would be controlled by peak power. 
Transmission efficiency of 90 per cent can be ex- 
pected, possibly higher, through all ratios. Not 
as high as direct drive, it still is a better average 
than present automatic transmissions, except when 
they lock into practically a direct drive at higher 
speeds. However, at that time they are no longer 
automatic transmissions. 

The American public appears to be primarily 
interested in performance and for most of them 
performance is acceleration at normal speeds. Ex- 
tremely high possible road speeds is not of chief 
interest to most of them. At 30 miles per hour 
in high (and most automatic transmissions are in 
high at this speed) the average car has available 
about 40 per cent of its power. An engine of 100 
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hp at that reduced speed produces possibly 40 
hp. If full power were available at this speed 
by the use of a torque-responsive drive, a 60-hp 
engine would outperform the 100-hp engine. 

Gasoline consumption is greatly affected by 
percentage of load. At idling speed most engines 
consume about a quarter as much gas as at full 
load. Efficiency improves rapidly with load but 
is very low at a quarter of full load, still low at 
half loading and best efficiency is obtained at 
three quarters of loading or more. Consider the 
effect on gas mileage if the engine torque could 
be maintained at full value a large percentage of 
the time. 

The traction type unit could be rated on a dif- 
ferent basis for automotive service than for in- 
dustrial drive service. Constantly changing ratios 
would distribute wear, for one thing, and max- 
imum torque available from the engine, being 
only a little more than normal setting, would allow 
a higher rating than if the unit were driven by an 
electric motor with possibly 200 per cent torque 
occasionally in use. Low gears in automotive 
transmissions are designed for a very short life at 
full load because they seldom handle full load and 
are used such a low percentage of the time. The 
same would be true of the traction transmission. 
Considering all of these factors a unit capable of 
handling a 30 hp electric motor for industrial 
use could undoubtedly handle, with adequate life, 
an automotive engine of 60 hp or more. Since 
capacity is at least a square function of the size 
of the unit, it would appear that present auto- 
motive powers would not require greatly in- 
creased size. 
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Inclinable Press Incorporates 
Integral Safety Guards 


S AFETY guards, readily removable from the die space of the machine, are an 

integral part of the control mechanism on the “Unit” press imported from 
Britain by Morey Machine Co. Inc. 
with the multijaw clutch extractor mechanism; they remain locked in the closed 
position during the operating cycle. 
assembly of the press actuating mechanisms, is keyed to the welded and an- 
All load-carrying surfaces are totally enclosed and sub- 
merged in an oil bath. Stroke is adjustable in 44-inch steps from 4% to 2% 
inches; throat depth is 54% inches. 
counter is built into the press. 


Safety guards are positively interlocked 


The power unit, a complete, self-contained 


Flywheel is ball-bearing mounted. A work 
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Shell Mold Machine Features Simple Operation 


| D toes dump boxes and pattern frames 
permit two patterns to be handled al- 
ternately on the model HO-4 shell molding 
machine of Shallco Engineering Corp. Sim- 
plicity of design and easy operation were 
two objectives; the unit is said to be avail- 
able at low cost yet can produce two shells 
per minute. 
Two different curing ovens, gas or elec- 
tric, are available. While one shell is being 
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cured on its pattern, the cured mold is 
stripped from the second pattern and the 
pattern and dump box are inverted to form 
a new uncured mold. 

Pattern temperature is thermostatically 
controlled, and timers are available for in- 
version and curing cycles. Dump box de- 
sign is said to provide even sand fall and 
dense, uniform shells. Sheils are ejected 
by a self-contained pneumatic stripper. 


A single capstan swings the spring counterbal- 
anced pattern over the dump box by means of a 
chain and sprockets. At this point the pattern is 
automatically locked to the dump box and sealed 
with heat-resistant silicone seals. With continued 
rotation of the capstan, a pin on the capstan shaft 
meets a dog on the dump box and inverts the as- 


sembly. The pattern 
is then swung back to 
its original position 
and the curing oven 
moved over the un- 








cured mold. 
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HYDRAULIC ACCUMULATORS 








ARIOUS types of accumulators have 
been developed over the years and ap- 

plied to hydraulic systems. These can 
be classified broadly as: (1) Weight-loaded, 
(2) spring-loaded, and (3) pneumatic, The 
older designs of weight and spring-loaded ac- 









WEIGHT-LOADED OR GRAVITY DESIGN 


Earliest forms of accumulators were gravity or 
weight-loaded and generally used as a single unit 
operating a multiple battery of hydraulic ma- 
chines. Still used today, this basic design consists 
of a vertical heavy-wall steel cylinder with a 
smoothly ground bore into which is fitted a piston. 
Mounted on top the piston, a platform or large con- 
tainer holding high-density waste, such as scrap 
metal, stones, concrete blocks or other material, 
provides the counterweight. In some cases a plat- 
form container filled with water is utilized to ob- 
tain the required weight. With these accumulators 
force of gravity provides the energy. Constant 
pressure is available from the full-volume output of 


SPRING-LOADED DESIGN 


A spring-loaded accumulator consists essentially 
of a cylinder into which is fitted a piston arranged 
so that compression springs supply the dynamic 
load. Located about the periphery of a disk 
mounted on the end of the piston is a series of 
axially-fixed rods supporting a similar number of 
compression springs. The rods pass freely through 
a second disk attached to the cylinder against 
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Left—Schematic view of 

weight-loaded gravity type 

accumulator for operating 

large tonnage hydraulic ma- 
chinery 
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cumulators as well as those of the simple air- 
bottle type can be further subdivided as non- 
separator type as compared with the later de- 
signs employing a special diaphragm to sepa- 
rate the hydraulic fluid from the pneumatic 
loading gas. 


the unit, an advantage possessed by no other type 
accumulator. A disadvantage, however, is the ex- 
tremely large size, heavy weight, and high cost. 
A typical commercial weight-loaded unit having a 
capacity of 1200 cubic inches weighs 3500 pounds 
plus 35,000 pounds of weights. An equal capacity 
hydropneumatic 10-gallon accumulator weighs 170 
pounds. 

Due to the large size and high cost of the weight- 
loaded type, it is essential that a single accumulator 
be used in a plant operating multiple machines. 
Should the accumulator fail for any reason, all 
the hydraulic equipment in the plant would be in- 
capacitated. 


which one end of the springs bear. The opposite 
ends of the rods retain the other end with adjust- 
able nuts. The springs are compressed to corre- 
spond with the minimum pressure required in the 
circuit by tightening the adjusting nuts, As fluid 
is pumped into the chamber, the piston rises, fur- 
ther compressing the springs and loading them to 
correspond with the increased pressure developed. 





























Right — Section of 
light-duty spring- 
loaded accumulator 
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2—Nonseparator Designs 





By Edward i. Greer 





























The volume of accumulated fluid at pressures cor- 
responding to any position of the piston is depend- 
ent upon the rate and loading of the springs. 

One commercial version of the spring-loaded ac- 
cumulator, 8 inches in diameter, 20 inches long, 


PNEUMATIC DESIGN 


Pneumatic accumulators have proved to be much 
more practical than the weight and spring-loaded 
types. They may be classified into nonseparator 
and separator types. The former has no means of 
sealing the gas from the fluid. As used in industry 
today, it generally takes the form of an air bottle. 
Gas, either air or nitrogen, is trapped under pres- 
sure on top of the liquid. In the simplest form, it 
is known as an air bell, located on top of the dis- 
charge port of duplex and triplex pumps. It is 
merely a hollow shell in which atmospheric air has 
been trapped at the highest point of the pump. In 
time, air is absorbed into the fluid making regular 
recharging necessary. 

A high-pressure nonseparator type accumulator 
generally has a fully-enclosed shell containing a 
fluid inlet port at the bottom and a pneumatic 
charging valve on top. To place such a nonsepa- 
' rator type accumulator in service, it is necessary 
to fill the unit partially with hydraulic fluid and 
charge compressed air or nitrogen through the 
pneumatic valve to the minimum pressure require- 
ments. As additional hydraulic fluid is pumped 
into the chamber, the gas is compressed further in 
accordance with Boyle’s law—The volume of a 
given mass of gas at constant temperature varies 
inversely as the pressure. In this way a large vol- 


Right — Gas bottle 
nonseparator ty pe 
accumulator 


Left — Heavy-duty 

spring-loaded accu- 

mulator of 40 cubic 
inches capacity 
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President and Chief Engineer 
Greer Hydraulics Inc. 
Brooklyn, N. Y. 


weighing about 75 pounds, has a fluid capacity of 
40 cubic inches and supplies oil at pressures be- 
tween 750 and 1500 psi. A typical hydropneumatic 
type is 4 inches in diameter, 6 inches long, and 
weighs 16 pounds. 


ume of fluid can be accumulated to do useful work 
using the compressed gas as the energy medium. 

One great disadvantage of this type of unit is 
that aeration, or mixture of fluid and gas, results 
in diminishing precharge in the same manner as 
with the air bell, and results in erratic operation of 
the hydraulic system. To prevent air from being 
exhausted into the hydraulic system, only two- 
thirds of the accumulator fluid volume can be used 
and the rest must remain as a separator to prevent 
the air from being drawn out at high rates of flow 
through an air vortex. Furthermore, this type of 
accumulator must be mounted in a vertical position 
as the gas must be trapped at che top of the cylin- 
der. In installations where hydrocarbon oil must 
be pumped under high pressure, the diesel effect, 
which can be described as the rapid increase of 
pressure resulting in explosion, can be disastrous. 

Multiple installation of large nonseparator type 
accumulators is common practice where extremely 
large volumes of 500 gallons or more are required. 

Equipment required in addition to the usual air 
bottle accumulator is high-pressure air compressor, 
pressure-regulating valves, and controls. The com- 
pressor operates against a level regulator to en- 
sure that the discharge valve is completely cut off 
at a safe low level. 


Nonseparator type ac- 





cumulator circuit Air sofety valve 
showing accessories re- or breaking cap 
quired 
Safety closing Pump 
' valve control {ond unload 
ob control 
vos —“| t iE oe 8 
' ' 
Low level—_ i 
oR Useable Air valves 
closes at this {1 oe 
level ' ; 





























Columbium-Tantalum 
Restrictions Removed 


Last remaining restrictions on 
the use of columbium and columbi- 
um-tantalum for the production of 
civilian goods were removed by 
the Business and Defense Services 
Administration, Department of 
Commerce, with the revocation of 
Order M-106, effective November 1, 
1953. In announcing revocation of 
the order, officials of BDSA said 
control is no longer necessary be- 
cause supply substantially exceeds 
the demand, and military require- 
ments have been reduced. They 
also stated that adequate safe- 
guards have been made to assure 
availability of required amounts 
for the national stockpile. 

Columbium and columbium-tan- 
talum, the major U. S. supply of 
which is imported, were placed un- 
der government control on October 
19, 1950 with isssuance of NPA 
Order M-3, which prohibited the 
use of ferrocolumbium bearing 
steels in any application or process 
where other steels could be sub- 
stituted, or use of the alloys where 
substitutes could be used. These 
alloys are used principally as a 
stabilizing agent for certain stain- 
less steels which require welding in 
their application. 


Ideas for Appliance Design? 


Refrigerators of the future may 
be atom-powered, open automatic- 
ally when an electric eye sees you 
coming, heat the baby’s bottle, have 
the freezer compartment at the 
bottom, have drawers instead of 
doors, and have integral all-plastic 
cabinets molded with foam insula- 
tion in place, Mrs. Vivian Overand, 
director of home economics, Ad- 
miral Corp. recently told the News- 
paper Food Editors Conference in 
Chicago. 
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COMBUSTION LAB: Scheduled for completion late in 1954, this 


one and one-half sto 


building, with 14,200 square feet of floor 


space, will be devoted to basic scientific studies to determine the 

exact chemical and thermal nature of combustion. Knowledge of 

combustion processes gained in the $1.8 million General Electric lab 

will permit production of more powerful gas turbines for aircraft 
and other applications 


Mrs. Overand pointed out that 
100 to 125 million pounds of plas- 
tics will be used in the construc- 
tion of approximately 4 million 
electric refrigerators during 1954. 
Advantages of the plastic are re- 
sistance to acids, chemicals and 
chipping, light weight, excellent in- 
sulating properties, low water ab- 
sorption, and nonabsorption of food 
odors. Freezer compartments at the 
bottom are quite logical because 
the food storage compartment is 
opened oftener than the freezer 
compartment. Heat from the con- 
denser might well be used to heat 
water or the baby’s bottle. 

The electric range has also stim- 
ulated Mrs. Overand’s imagination. 


For future ranges, she foresees com- 
bination built-in pressure cookers 
and deep fat fryers as well as auto- 
matic toasters. Additionally, she 
feels it might be feasible to mold 
the circuits in the back of the 
range and eliminate soldered con- 
nections. 


Ship Propulsion Power 
Study Approved by AEC 


A proposal by the Newport 
News Shipbuilding and Dry Dock 
Co. of Newport News, Va., for a 
special study of the application of 
nuclear power to the propulsion of 
ships has been approved by the 
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Atomic Energy Commission. The 
company developed experience in 
the nuclear field as a subcontrac- 
tor on the now terminated project 
for an aircraft carrier reactor. Six 
of its engineers recently complet- 
ed studies at the Oak Ridge, Tenn., 
School of Reactor Terminology. 
All costs will be borne by the 
company. The contract will run 
for one year after which a com- 
plete report of findings and rec- 
ommendations will be submitted 
to the Commission. After full in- 
vestigation, a limited additional 
number of NNSDD personnel will 
be cleared if necessary to investi- 
gate pertinent phases of the Com- 
mission’s nuclear power program. 


Lightweight Gas Turbines 


Two new lightweight gas tur- 
bines feature complete enclosure of 
hot parts of the turbine and nozzle 
box in a pressurized chamber. 
This feature is said to eliminate 
a design problem found in earlier 
turbines. In the event that the 
outer skin is pierced or cracks due 
to vibration, leakage consists of 
compressed air at the heat of com- 
pression rather than hot gases at 
combustion temperatures. 

One of the turbines is a com- 
pressed air supply unit weighing 
170 pounds and having an output 
rating roughly equivalent to 170 
horsepower. The other is a combin- 
ation compressor and shaft power 
unit in the 120-horsepower class. 
The units are manufactured by 
AiResearch Mfg. Co. 


Engineers, Educators Propose 
Changed Engineering Education 


Higher standards for accredita- 
tion of engineering programs in 
colleges and universities were rec- 
ommended by the American Society 
for Engineering Education and the 
Engineers’ Council for Profession- 
al Development at a joint meeting 
on October 16. The _ proposal 
called for division of engineering 
education into “professional-scien- 
tific’ and “professional-general” 
education. 

The recommendation came from 
a committee appointed last year be- 
cause “only minor adjustments 
have occurred in engineering edu- 
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cation” to match advances in the 
physical sciences in the last 10 
years. These advances, coupled 
with anticipated availability of nu- 
clear power, “necessitate major 
changes in the character of engi- 
neering education,” declared L. E. 
Grinter, dean of the Graduate 
School, University of Florida and 
president of ASEE. 

“Professional-general” programs, 
Dean Grinter said, would train en- 
gineers to serve in areas between 
engineering and business, manage- 
ment, law, real estate, or agricul- 
ture; between engineering and a 
branch of science with limited ap- 
plication of engineering analysis 
and design; and between engineer- 
ing and such highly applied tech- 
nologies as air conditioning or 
welding. There is a growing need 
for men in general professional en- 
gineering sciences, Dean Grinter 
said. 

Four-year programs may not be 
sufficient to meet the committee’s 
recommendations for the profes- 
sional-scierntific curriculum plus the 
specialized courses of the degree- 
granting department, the speaker 
declared, But the committee be- 
lieves, he said, “that specialized en- 
gineering courses are of far less 





value in professional-scientific edu- 
cation than a broad background of 
engineering science.” 

Raised professional - scientific 
standards, Dean Grinter said, 
would include: increased back- 
ground in mathematics, physics, 
and chemistry; study of nine engi- 
neering sciences; and extension 
through four semesters of the 
study of engineering analysis and 
design, or of engineering systems. 

The committee also proposed 
special designation for institutions 
with standards substantially above 
the minimum. Faculty eminence— 
the presence of more than the min- 
imum number of distinguished 
members—would be the major fac- 
tor in conferring special designa- 
tion, Dean Grinter said. The com- 
mittee’s minimum requirement for 
faculty is one member in five “who 
has achieved professional distinc- 
tion by creative activities.” 

Social studies and the humani- 
ties should be centered outside 
such courses of immediate useful- 
ness as accounting, industrial psy- 
chology, and city managements, 
the committee concluded. Instead, 
humanistic-social studies should 
afford ‘a clearer perspective of civ- 
ilization, inspiration for seeking 


SEAGOING GAS TURBINE: This shipboard electric generator 
set, is — by a 500-horsepower gas turbine said to be the most 
ul 


power 


installed in an American Naval vessel. Weight of the Solar 


Aircraft Co.‘ turbine, with accessories, is about 750 pounds; length 
is about 6 feet; and height and width are less than 3 feet 
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SUPERSONIC SABRE: First 


a ae ee ere, RC RN ety tae ee 


icture of the F-100 Super Sabre 


shows 45 degree sweepback of wing and tail. First production model 
of this 45-foot long 36-foot span North American fighte : came off 
the assembly line on October 20. Combat radius is over 500 nautical 
Miles, service ceiling is over 50,000 feet, and speed is supersonic 


greater knowledge and understand- 
ing, and aid in development of 
judgment and discrimination, a 
sense of value, and sound personal 
philosophy.” 

The fact that in the last 10 years 
nuclear problems have occupied an 
increasing number of research 
physicists, Dean Grinter pointed 
out, is a major factor in the need 
for revising engineering education. 
“Tt seems doubtful,” he said, “if 
the interests of these physicists 
will ever be returned in sufficient 
measure to influence greatly re- 
search in vibration, elasticity, heat 
transfer, and the other engineering 
sciences.” Engineers, therefore, 
have become responsible for re- 
search in these fields. 


Machine Tool Builders 
Ask Fewer Restrictions 


The Machine Tool Manufacturers 
Industry Advisory Committee re- 
cently recommended amendment of 
government order M-41, to permit 
manufacture of more machine tools 
for nondefense uses. The order 
provides that 60 per cent of ma- 
chine tool output be used to fill 
defense rated orders, leaving 40 
per cent for nonrated orders. The 
committee recommended reversal of 
these percentages, in view of slack- 
ening defense orders. 
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Also recommended were: elimi- 
nation of a critical list of machine 
tools on which the split is 70 per 
cent for defense and 30 per cent 
for nondefense; elimination of the 
requirement that order boards be 
submitted for inspection before 
proceeding with production, and in- 
creasing the present three month 
freeze on production schedules for 
certain machine tools requiring long 
lead time to six months. 


Plastics Used 
In Trailer Manufacture 


Large trailer bodies are being 
built of laminated or reinforced, 
plastics by companies on both 
coasts. Lighter weight than alu- 
minum, corrosion resistance and 
dent resistance are among the ad- 
vantages claimed for the plastic 
bodies. 

Complete bodies 24 feet long, 
8 feet high and 8 feet wide are 
being built by Seaboard Trans- 
portation Co. of California by 
“laying-up” glass fiber cloth and 
mat in wood, steel or plastic moids 
and then saturating the mat with 
Vibrin polyester resin, made by 
Naugatuck Chemical Div. of U. S. 
Rubber Co. Performed ribs of 
the same material are pressed 
into the wet lay-up to form a com- 
plete section which becomes an in- 












tegral unit when cured. 
Transparent plastic 


skylight 
panels, molded plastic doors, door 
frames and interior liners are used 
in trailer construction by the Strick 


Co. of Pennsylvania. Complete 
sides and roofs of a number of van- 
type trailers are also made by this 
company. Glass fiber and Vibrin 
are used to make these parts by 
a vacuum impregnating method in 
which the plastic resin is sucked 
into a mold in which the glass fiber 
has previously been placed. 


Awards for Welded Designs 
Made to Machine Designers 


Engineers and designers in all 
parts of the country recently re- 
ceived 77 awards totalling $30,000 
for welded machine designs en- 
tered in a Mechanical Design 
Award Program sponsored by the 
James F. Lincoln Arc Welding 
Foundation. Dimitri Soussloff, as- 
sociate director of research, Uni- 
versal Winding Co., received the 
first award of $2981 for his descrip- 
tion of a yarn twisting machine, 
parts of which were redesigned for 
welded construction. It is estimated 
that the new design will save $100,- 
000 a year. 

Awards were made for designs 
covering a wide variety of machin- 
ery, including metal cutting, elec- 
trical, conveying and pumping, 
compressing, tooling, processing 
equipment, and others. Second 
award of $2882 was to David W. 
Kinney, chief engineer, Pattin Mfg. 
Co., for a special machine to elimi- 
nate an unsafe and expensive hand 
grinding operation on wedges used 
in bolting mine roofs. Robert J. 
Neville, vice president in charge of 
manufacturing, North American 
Mfg. Co., received the $2385 third 
award for the design of welded in- 
dustrial type gas and oil burners. 





Ralph E. Flanders received the 
1953 Howard Coonley Gold Medal 
for service in advancing the na- 
tional economy through voluntary 
standards at the annual award 
luncheon meeting of the American 
Standards Association at the Wal- 





MACHINE DESIGN—December 1953 



































Engineering News Roundup 





dorf-Astoria, New York, October 
21. Senator Flanders is a past 
president of ASME and the Na- 
tional Machine Tool Builders Asso- 
ciation; he is also a former vice 
president of the American Engi- 
neering Council. Until becoming 
senator in 1946, he was president 
of the Jones and Lamson Machine 
Co., Springfield, Vt. 


New Flight Structures Lab 


Establishment of a new educa- 
tional and research unit for the 
study of air flight structures, par- 
ticularly in the supersonic range, 
was announced recently by Colum- 
bia University and the Daniel and 
Florence Guggenheim Foundation, 
which has provided a grant of 
$329,000 to establish the new cen- 
ter. To be known as the Daniel 
and Florence Guggenheim Institute 
of Air Flight Structures, it will be 
organized within the Columbia Uni- 
versity Engineering Center. The 
new lab will begin operation on 
January 1, 1954. 

Purpose of the lab will be four- 
fold: to train exceptionally quali- 
fied graduate students in the com- 
paratively new field of air flight 
structures; to conduct research in 
aircraft structure and design, espe- 
cially for supersonic flight; to act 
as a national clearing house for 
technical information in this field; 


and to disseminate technical 
knowledge regarding air flight 
structures. 


An advisory board, consisting of 
nationally known figures in avia- 
tion and engineering, will be ap- 
pointed to assist in guiding the In- 
stitute’s activities. 


Tape Recorder 
To Operate Milling Machine 


A record-playback control which 
directs a machine or process cycle 
from information stored on a mag- 
netic tape is being built to control 
a milling machine that manufac- 
tures self-reinforced “skin” struc- 
tures for jet aircraft. The indus- 
trial type multiple-channel tape re- 
corder used in the control is sim- 
ilar to equipment employed in the 
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entertainment and _. broadcasting 
fields, except that it records mo- 
tion instead of sound. It will serve 
as a magnetic memory for the ma- 
chine on which it is installed. 
Builder of the control, General 
Electric Co., expects to deliver it to 
Giddings and Lewis Machine Tool 
Co, in time to permit the completed 
skin milling machine to be demon- 
strated to aircraft manufacturers 
early next year. 

In operation, a skilled machinist 
or tracer control will run the ma- 
chine through a series of motions 
to produce the first piece of work. 
These motions will be translated 
into electrical signals by means of 
selsyns and recorded on the mag- 
netic tape through an electronic cir- 
cuit. Nonproductive motions such 
as tool setting, gaging, template 
changing and stop settings are not 
recorded. When the tape is played 
back through the machine it auto- 
matically duplicates the machine’s 
original motions and produces a 
part identical to the one made while 
recording. Repeat orders can be 
produced economically merely by 
taking the specified tape recording 
from a file and inserting it into the 
control. 

Research studies are now being 
conducted by Giddings and Lewis 


into the possibility of using an 
electronic computer to convert nu- 
merical data into the electrical sig- 
nals recorded on the magnetic tape. 
This would eliminate the first man- 
ual machining operation. 

While the record-playback con- 
trol may be used in many applica- 
tions other than the skin milling 
machine, General Electric engi- 
neers point out that the control 
must he individually engineered to 
suit each installation and carefully 
co-ordinated with the design of 
the machine it is to control. In ad- 
dition, the equipment is relatively 
expensive, so many possible appli- 
cations are eliminated at the pres- 
ent time by economic considera- 
tions. However, any motion or 
control that can be operated from 
an electric signal can be operated 
from the record-playback control, 
they explained. 

The length of cycle that can be 
controlled depends on the diameter 
of the reel of tape and the speed 
at which it is recorded and played 
back. On the Giddings and Lewis 
machine a standard 14-inch diame- 
ter reel is expected to run a one- 
hour cycle. When desired, record- 
ings can be erased easily, restoring 
the tape to its original condition 
for a new recording. The tape may 


IDEA CAR: Shown at the Paris International Automobile Show ze- 
cently was this Chrysler Special sports coupe. Built on a Chrysler 
New Yorker chassis and powered by a Firepower V-8 engine, the 
body was designed by Chrysler and built by Ghia of Turin, Italy 
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GIANT FILTER ELEMENT for a huge oil-bath air cleaner meas- 
ures 3614 inches OD, 271, inches ID and is 30 inches high. Fil- 
ters such as this with its 6509 cubic foot per minute capacity, manu- 


factured by the Air-Maze Corp., are 


or service such as clean- 


ing intake air for diesel engines and compressors 


be cut and new sections spliced in 
if only part of the work cycle has 
to be changed. There is no deteri- 
oration of the signal when the tape 
is stored and play-backs up to 10,- 
000 times are possible without ap- 
preciable loss of controlling signal. 

Record-playback equipment pos- 
sesses certain inherent advantages 
over existing methods of automatic 
machine and process control. It 
offers complete co-ordination of all 
machine or process variables such 
as continuous control of feeds to 
produce desired contours, multiple 
passes if required, change of spin- 
dle speed to suit desired machining 
conditions at any time, and syn- 
chronization of many other func- 
tions of the cycle. Additionally, 
operator know-how can be incor- 
porated into the recorded auto- 
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matic cycle for such things as com- 
pensating for backlash, taking care 
of machine inaccuracies, spindle 
deflections, tool loading, and so on. 
The control is said to make pos- 
sible high production economies,for 
low or medium production jobs. 
Automatic and semiautomatic cy- 
cles can be used where they for- 
merly were impractical. Minimum 
set-up time is required when chang- 
ing from one automatic cycle to a 
totally different cycle since only 
the tape and tools need changing. 
The equipment itself consists of 
two components: the magnetic 
tape recorder and the electronic 
control panel. Both are enclosed 
in a cabinet about the size of a 
large wardrobe closet. Weight is 
approximately 1900 Ibs and power 
requirement is standard. 


Engineer Says 
Check Economics of Automation 


Top management must attack 
the problems of the automatic fac- 
tory with “grammar school arith- 
metic and horse sense,” brushing 
aside the higher mathematician as 
well as the science fictioneer, the 
sixth Industrial Management In- 
stitute of the University of Illinois 
was told recently. 

The advice came from George M. 
Muschanpp, vice president in charge 
of engineering, Brown Instruments 
Div., Minneapolis-Honeywell Regu- 
lator Co., whose topic was System 
Engineering. This he described as 
a way of cutting through the maze 
of means offered to maintain more 
automatic production, by keeping 
one’s eye on the end problem of 
more and better goods at less cost. 

“In the further stages of devel- 
opment there will be engineering, 
scientific, financial and other busi- 
ness considerations of great com- 
plexity,” said Mr. Muschamp, but 
he urged that these be subordi- 
nated to management’s prime pur- 
pose of operating at a profit. 

“Marvelous computers, clever 
conveyor belts and multipurpose 
automatic machines,” the session 
was told, must not be allowed to 
obscure economies, maintenance 
problems, or output capacity ver- 
sus sales requirements. Automatic 
machinery and its techniques, Mr. 
Muschamp warned, must be assim- 
ilated by the staffs operating pres- 
ent factories. It is too much to ex- 
pect, he said, that the technicians, 
who have done far more than their 
share in developing these techno- 
logical tools, must also learn the 
intricacies of each individual in- 
dustry. 


Frank G. Steinebach, editor, 
Foundry magazine (a Penton Pub- 
lication) was honored at a special 
luncheon session of the Gray Iron 
Founder’s Society during the So- 
ciety’s annual meeting, held re- 
cently at St. Louis. Mr. Steinebach 
received the Society’s highest 
award—a gold medal—for his out- 
standing personal and professional 
contributions to the general wel- 
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HERE ARE many things to 
consider when selecting a 
Sleeve Bearing. Johnson engineers 
appraise service conditions carefully: 
load, shock, speed, temperature, lubri- 
cation, corrosive conditions and other 
service considerations. Based on these 
studies, they will recommend the Sleeve 
Bearing to suit the application. Since 
Johnson Bronze produces bearings from 
cast bronze, cast aluminum alloy, sheet 
bronze, bronze on steel, babbitt on steel, 
e babbitt on bronze, powdered metal and 
graphited bronze, a wide variety of Sleeve 
Bearings is available, and can be recom- 
mended without prejudice to any one type. If you are in 
doubt about the bearing to specify, ask Johnson Engi- 
neers. No obligation. Write today. 


JOHNSON BRONZE COMPANY 
525 South Mill St., New Castle, Pa. 


JOH INSONG SBEARINGS : 






BRONZE ON STEEL 
—copper lead 


STEEL BACK 
—babbitt lined 


BRONZE BACK 
—babbitt lined 


CAST BRONZE 
ALUMINUM ALLOY 


LEDALOYL 
—powder metallurgy 
















cans 


BEARING HEADQUARTERS SINCE 1901 


SLEEVE 
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fare of the industry and his serv- 
ices in connection with the forma- 
tion and maintenance of the Na- 
tional Castings Council. 


Recommendations Made 
For Engineer Utilization 


During the National Manpower 
Conference on the Utilization of 
Scientific and Professional Man- 
power, held recently at Columbia 
University, the engineering group, 
consisting of 18 engineers, engi- 
neering educators and engineering 
personnel, agreed on a number of 
procedures to improve engineer 
utilization. Improved utilization 
was defined by the group as any 
step which increases the quantity 
or quality of goods and services 
produced with a given amount of 
capital, using a fixed number of 
technological personnel, or, alter- 
natively, as any step which main- 
tains a given level of output in 
terms of quantity and quality, with 
a smaller number of such person- 
nel. 

The following points were agreed 
upon as steps to follow to secure 
improved utilization: 

1. Make more effective utilization 
the focus of genuine and continuing 
interest at all levels of an enterprise. 

2. Efforts to improve utilization 
must distinguish among what can be 
done to produce immediate gains, 
what may yield results only after 
some investment of time and money 


COMPETITORS: Entries in a design competition 
and evaluation test to choose a trainer for fledg- 
ling Naval pilots are the Temco Plebe, right, and 
odel 72, left. Developed 


the Ryan 


to enter the competition, the Plebe has a service 
ceiling of 20,000 feet; 1350 fpm rate of climb; top 


and what changes are fundamental 
and long range in character. 

3. If there is aay single point at 
which improved utilization is initi- 
ated, that point is in training, not 
only in colleges and on the job, but 


also in elementary and secondary 
schools. 

4. Jobs which engineers are doing 
should be studied to learn what du- 
ties might be reassigned to other 
technical personnel. 

5. Engineers must be provided with 
the best tools, instruments and sup- 
porting personnel, if they are to make 
efficient use of their training and 
talents. 

6. Effective communication be- 
tween management and engineering 
personnel about the objectives of 
their work is necessary to improve 
utilization. 

7. Organizational changes may per- 
mit improved utilization because too 
much organization may prevent nec- 
essary freedom of effort, while too 
little organization may result in du- 
plication, lack of proper priority, and 
unwise allocation of personnel to 
projects. 

8. Incentives in the form of status, 
recognition and money rewards gen- 
erally associated with jobs in man- 
agement and sales can improve utili- 
zation by keeping technologically 
trained people at the technological 
jobs for which they are best suited. 

9. Recognition of the fact that 
many things outside an individual’s 
job affect his effectiveness can im- 
prove utilization. 

10. Due regard must be had for a 
normal human resistance to change 
where an improvement in utilization 
is attempted. 


hours, and wei 


in 75 days 





11, Management can improve utili- 
zation by calling upon the manifest 
capacities of engineering personnel 
and by making an effort to develop 
potential capacities by imaginative 
assignment and training. 

12. No single device will improve 
utilization; many related measures 
must be employed. 


Continuous Steel Casting 
May Be Around the Corner 


A recent announcement dis- 
closed that a machine for continu- 
ous casting of steel is being de- 
veloped. Continuous casting, the 
casting of billets, slabs or rounds 
directly from the molten metal, 
completely bypasses pouring in- 
gots, heating in soaking pits, and 
the first steel-mill rolling opera- 
tion—rolling on the blooming mill. 

Four years of pilot plant opera- 
tion convinced officials of the Al- 
legheny-Ludlum Steel Corp. of the 
feasibility of the process. Al- 
though there is no commercial 
continuous casting plant for steel 
in operation today, the process has 
long been used in the nonferrous 
metals industry. The pilot plant 
installation was patterned after a 
similar unit used in the brass in- 
dustry. 

Equipment being considered by 
Allegheny-Ludlum has 150 square 
inches of mold cross-section capac- 
ity. It is hoped that a casting 


speed of 185 mph, maximum endurance of 514 


2500 pounds. The Model 72 


has a side-by-side seating arrangement for student 

and instructor, and is designed to use either a 

Continental or Lycoming “a 20 Wing span is 
37 feet, 8 i 
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Facts about 
HELI-COIL inserts 
you should know 





What they are 


Heli-Coil* screw thread inserts are pre- 
cision formed coils of stainless steel or 
phosphor bronze wire. Wound int> tapped 
holes, they form permanent, non-corrosive, 
strip-proof threads of astonishing strength. 
Available for National Coarse, National 
Fine and Unified threads, pipe threads 
and spark plug threads. They are made 
in all standard sizes and lengths for assem- 
blies requiring Class 3, 3B, 2 or 2B fits. 


W hat they are for 


AS ORIGINAL COMPONENTS: Heli- 
Coil inserts are used to provide stronger, 
lighter fastenings, corrosion-proof, wear- 
proof threads in all assemblies. 


FOR PRODUCTION SALVAGE: 
When conventional tapped holes are dam- 
aged in production, restore them on the 
line with Heli-Coil inserts. Get better- 
than-original strength with no increase in 
screw size and no tell-tale signs of rework. 


FOR SPEEDY REPAIRS: When tapped 
threads wear, strip or corrode in service, 
renew them in minutes on location in 
shop or field with Heli-Coil inserts. No 
welding—no plugging—no secondary 
machining —no oversize screws. 


How they work 

Holes are drilled and tapped as you do for 
ordinary threads—then Heli-Coil inserts 
are wound into tapped holes by hand or 
power tools. Install in a few seconds, as- 
sure thread protection forever. Can be 
used in any metal wood or plastic. 


No other method is so simple, 
effective and practical, 


W bat they do for you 


Heli-Coil inserts save money because they 
strengthen threads and make fewer smaller 
fastenings do the same holding job. They 
make lighter bosses and flanges practical 
and they save weight in two ways: (1) by 

rmitting use of cap screws, instead of 

Its and nuts; (2) by allowing use of 
smaller, shorter, fewer cap screws. Helji- 
Coil inserts protect your product from 
thread wear, galling and stripping for 
life in every kind of metal, in plastics or 
wood. They preserve customer good-will 
by preventing product failure, due to 
thread fault. Heli-Coil inserts improve 
the end product, cut rejects, salvage 
threading errors. 


Best time to put Heli-Coil inserts benefits 
to your use is right at the designing board, 
as many leading manufacturers are doing. 
But to convince you of their many advan- 
tages ask for a working demonstration 
right on your production line. Write to- 
day! Complete information and engi- 
ueering data is available in the Heli-Coil 
catalog. Use Coupon! 


*Reg. U.S. Pat. Off. 
Heli-Coil Inserts conform to official 


military standards MS-122076 (ASG) 
through MS-124850 (ASG) and others. 






















































Sales demanding “twice the product at 

half the price’? Does production want “haif the cost and half the time” 
on the production line? Where are you? 

Caught in the middle? 


You can be a hero to both sales management and produc- 
tion management by telling them about Heli-Coil* Screw 
Thread Inserts. 

These precision formed inserts of stainless steel or phos- 
phor bronze wire make vastly stronger threads in metal, 
plastics, and other materials. So much stronger that you 
can safely use smaller and fewer and shorter cap screws— 
thinner sections, lighter bosses. Thus costs are reduced, 
production simplified. And threads cannot strip, corrode or 
gall—they never wear out. 

Learn how other designers are using Heli-Coil Screw Thread 
Inserts. Get the technical data you need to apply them to 
your “threadaches.” Use the coupon —now! 


*Reg. U.S. Pat. Off. 


Oe ies | 
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i 
HELI-COIL CORPORATION , 
' 132 SHELTER ROCK LANE, DANBURY, CONN. i 
t [1] Send Free samples and Handbook No. 652, a complete design 
I manual. 
! ( Send Free samples and put me on list to receive “Heli-Call”, ! 
| case history periodical. : 
I 
1 NAME TITLE ; 
I 
} COMPANY. : 
! 
i ADDRESS. j 
4 CITY. ZONE STATE @ 2102 3 
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speed of about 120 inches per min- 
ute will be possible. Specifica- 
tions call for the unit to produce 
up to 20 tons per hour as a single- 
strand caster, and double that 
amount when operating as a two 
section unit. Continuous Metal- 
cast Corp., holder of basic pat- 
ents in the field, is assisting in the 
design work, as is the Freyn En- 
gineering Div. of the Koppers Co. 


Certified Teflon Reports 
Are Now Available 


Users of Teflon can now be as- 
sured of specified performance with 
“electrical grade” rods, _ tubes, 
sheets and finished parts by a sys- 
tem of quality control and certifica- 
tion instituted by Resistoflex Corp. 

For the first time a user can ob- 
tain test reports on a particular lot 
of Teflon. Certification is based on 
six qualification tests carried out 
by the company in conjunction with 
U. S. Testing Laboratories. The 
tests cover power factor, dielectric 
constant, dielectric strength, poros- 
ity, tensile strength and elonga- 
tion. These tests, together with 


strict process inspection, provide 
complete quality control. All ma- 
terial is identified by lot number 
and grade, starting with virgin 
powder and continuing throughout 
each manufacturing operation to 
finished product. 

This quality control and inspec- 
tion system is approved by the 
USAF under MIL-Q-5923. The com- 
pany has stated that an affidavit 
attesting to conformance with spe- 
cification AMS-3651 polytetrafluo- 
roethylene will accompany every 
shipment of “electrical grade” 
Fluoroflex-T products manufac. 
tured from Teflon powder. Certi- 
fied test reports of the actual pro- 
perties of any shipment will be 
furnished whenever requested. 


Copper supply in 1952 continued 
to be inadequate for civilian and 
defense requirements, according to 
the Bureau of Mines, U. S. Depart- 
ment of the Interior. Actually 
slightly less copper was available 
in 1952 than in 1951. 

In May of 1952 when copper ex- 
ports from Chile were embargoed, 
the President authorized release 


JET CUTAWAY: Security regulations have been relaxed to permit 

the first cutaway view of the Fairchield J-44 jet engine to be pub- 

lished. Currently in production for target drone and missile applica- 

tions, the engine weighs 300 pounds and is in the 1000 pound thrust 
class. Length is 72 inches; diameter is 22 inches 





of 22,000 tons from the strategic 
stockpile to meet the temporary 
emergency. By August the sit- 
uation had improved sufficiently 
to allow the Defense Production 
Administration to move copper 
from the list of most critical ma- 
terals to the list of those in ap- 
proximate balance. 


Industrial Designer Says 
Sports Car Styling Not For U.S. 


The auto industry’s current tur- 
moil over foreign styling for 
American cars has produced at 
least one dissenting opinion. Carl 
W. Sundberg, head of the industrial 
design firm of Sundberg-Ferar 
Inc., said recently, “Some car mak- 
ers are optimistically trying to put 
a Continental-style dreamboat in 
every garage by emphasizing the 
design of a few custom built Euro- 
pean sports cars. They have fea- 
tured Continental styling and have 
retained European designers, hop- 
ing to get an edge on their com- 
petitors. I believe this decision will 
be proved unsound. 

“Digging up long-buried gim- 
micks of the hoary past, such as 
wire wheels and exposed tire 
mounts, is only a feeble approach 
to the problem of improving car de- 
sign. This copy-cat approach is 
retrogression of the worst sort.” 

Although many automobile man- 
ufacturers have built experimental 
cars incorporated Continental styl- 
ing and some are contemplating 
production of such automobiles, the 
following statements indicate 
Sundberg feels that present Ameri- 
can cars are well suited to their 
function. 

“The mass-produced European 
car, unlike its custom-built broth- 
er, is just a crude imitation of the 
cheapest American models. It fails 
to meet even minimum American 
standards for riding comfort, ma- 
neuverability and safety. A prime 
example is the German Volkswagen 
which looks like a surly bulldog 
and rides about as well. 

“The auto industry should nev- 
er lose sight of the basic require- 
ments for a saleable American car. 
It is essentially a ‘family bus’ 
which serves as transportation for 
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jot ata 
Result: 


Economy 


*‘Economy...counts not in gavings but in selection.’’—Edmund Burke 


Economy through Efficiency 


Gits Unit Seal proves itself in dependable performance over a wide 
elute [-MNohMRe) ol-aehilale Molaro tilolatmeeiarallollale Mb dice hulle lle +l-1-1¢Ml-tol mee lale| 
pressure applications. Operation at peak efficiency always means 


dollars-and-cents savings 


Economy through Adaptability and Versatility 


OTF Clim to] Mitt Milelah mele) olilechilolal Mel MoM Ticlilelolaeih4-to ML -Tumelaitioliby 
carried in stock. You harness the savings of mass production to your 
own specific needs. Gits Unit Seal already has wide application in 
the following fields: Washing Machines, Disposal Units, Gear Motors, 
Speed Reducers, Aircraft Turbine Pumps, Accessory Drive Units, Jet 
Propulsion Units, Electrical Power Equipment, Automotive Accessories, 


Business Machines, Standard and Special Machine Tools. 


Economy through Long Life 


Gits Unit Seal is designed for maximum life in any recommended 


application. Here's the real ‘proof of the pudding” in saving money. 


Write Today For FREE Illustrated Brochure, 
or send us your seal problem. Our experi- 


enced engineering staff is at your service. 


i @elaidielol MNT tel requiring only 25% 


more space than lip-type seals 











Gits BROS. Mrs. Cc . 


) Aes - Kilbourn Avenue Chicago 23, Hinweis 
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SKY-PARK: Vertical double 


parking machine lifts two 
parked cars in the air to 
make room for two more 
underneath. Hydraulically 
operated, the device manu- 
factured by Simmons Ma- 
chine Tool Corp. may be 
used in garages with 12-foot 
ceilings. Lifting and secur- 
ing of the two cars is said 
to.require only 30 seconds 


work, for sightseeing and travel, 
as taxi, school jitney and grocery 
truck, and must also be the last 
word in style. Sacrificing any of 
its versatility and comfort by giv- 
ing it the appearance of a Conti- 
nental-type sports car which was 
designed primarily as a plaything 
rather than an all-around trans- 
portation, is likely to prove disas- 
trous.” 


A new division of The Yale & 
Towne Mfg. Co.—the Powdered 
Metal Products Division—has been 
established, consolidating the com- 
pany’s operations in the field of 
powder metallurgy. The new di- 
vision unifies under one manage- 
ment the recently acquired Pow- 
dered Metal Products Corp. of 
America, Franklin Park, Ill., and 
the American Sintered Alloys Di- 
vision, Bethel, Conn., acquired by 
Yale & Towne in 1952. 

George L. Bachner, formerly 
president of PMPCA, has been ap- 
pointed general manager of the 
new division. Identified with pow- 
der metallurgy for fifteen years, 
Mr. Bachner is a director of the 
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American Society of Tool Engi- 
ners, a member of the American 
Ordnance Association, and a con- 
sultant to the Chief of Ordnance, 
U. S. Army, on powdered metal 
uses in ordnance components. 


Drop Testing Facilitated 
By Freight Elevator and Shaft 


A hole in the floor of a freight 
elevator and a tank of water at 
the bottom of the elevator shaft, 
plus a release system and instru- 
mentation, combine to form a drop 
test facility at the Mechanical 
Evaluation Division of the Naval 
Ordnance Lab. Information on 
water entry shock problems is ob- 
tained by propelling models and 
missiles into the tank of water at 
velocities to 150 fps. 

The 9-foot diameter tank is 12 
feet high and weighs 6 tons. With 
its contents of 10 tons of water 
and 15 tons of sand, the tank is 
supported by a 4-ton platform 
resting on 165 auto springs weigh- 
ing approximately 3 tons. A 
unique feature of the tank instal- 





Freight elevator and shaft converted 
to drop test facility may someday 
be just an elevator again 


lation allows the water surface to 
be inclined to as much as 45 de- 
grees to the horizontal. This seem- 
ingly magical feat is performed 
with the assistance of a thin plas- 







tic membrane which retains the 
water in the desired position but 
does not affect shock entry char- 
acteristics of the missile being 
studied. 

Missiles or models being tested 
are actually propelled, rather than 
dropped from the elevator, by a 
shockcord sling shot. Missile ve- 
locity is regulated by the amount 
the sling shot is stretched before 
releasing the missile; raising or 
lowering the complete elevator 
platform varies sling shot stretch. 
The sling is released by cutting 
the cable used to hold the sling. 
This propelling system is said to 
hit the mark every time and also 
allows control of both pitch and 
yaw angles. High fidelity instru- 
mentation attached by cable to 
the missile records data from 6 
to 12 accelerometers mounted in 
various positions. 





The Sheffield Corp. will design, 
manufacture and market Cavitron 
machine tools, according to a joint 
announcement by Cavitron Corp. 
and Sheffield. The agreement pro- 
vides that the Cavitron Corp. will 
continue to produce the ultrasonic 
transducers and generators, being 
the originators of the ultrasonic 
machining process and holders of 
the basic patent rights, and will 
issue licenses for the process 
through Sheffield. 

The Cavitron machine tool util- 
izes an ultrasonic vibrating head 
and an inexpensive tool (such as 
soft steel) for the precision cutting 
of hard and brittle materials, either 
ferrous or nonferrous, such as the 
carbides, germanium, hardened tool 
steels, sintered aluminum oxide, 
quartz, industrial crystals, ferrites, 
various types of glass, ceramics, 
sapphire, and other materials dif- 
ficult to machine. It may be used 
for precise external or internal 
machining similar to cutting, drill- 
ing and grinding of holes, cavities, 
slots and recesses of any shape, as 
well as precision forming of ex- 
ternal profiles. Fine surface finish 
is said to be obtained, and there is 
no local heating of the work sur- 
face or chemical or physical change 
in the work piece. High cutting 
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FLANGE PACKINGS 


Made of leather or rubber. 
Installed in recess around a 
rotating or reciprocating 
shaft. Sealing lip and inner 
side wall form dynamic seal 
on shaft. Gland nose forms 
compression seal on shaft. 
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NOW ... it’s easier to order 








G&K-INTERNATIONAL Packings 
— always uniformly accurate 


The Joint Industry Conference, to- 
gether with packings manufactur- 
ers and government agencies, have 
set up dimensional standards for 
each packings type — identified by 
a Dash Number — making it easier 
for you to order, assuring greater 
accuracy and faster service. 

You'll find all the code numbers 
in our new Packings Catalog and 
Manual — of course, we still re- 
quire information as to mediums, 
pressures, temperatures. 

But because G&K-International 
follows the standard  specifica- 
tions — we can save time for you. 
Our engineers and chemists are 
also ready to study your non- 
standard requirements and recom- 
mend special types of packings to 
function in hard-to-do jobs. 

Call on G&K-International for 
all your packings needs. 


r 
< ‘ 


> 
“Ggt) 


GRATON 
KNIGHT 





GRATON & KNIGHT COMPANY 
Established 1851 
P-6 Worcester 4, Massachusetts 


’ Tell us where to send it! 


Replacement Packings 


Modern JIC standards are also 
simplifying the specs for replace- 
ment packings. However, thou- 
sands of presses and other hy- 
draulic equipment require leather 
packings in the larger or non- 
standard sizes. Over the past 50 
years we have produced many thou- 
sands of these packings, including 
leather U’s a “crimps” up to 6 
feet in diameter. 

Consult G&K-International for 
your replacement needs. You'll 
find the answer here. 


New Packings Catalog 


A comprehensive Catalog 
and Manual covering ali 
up-to-date packings stand- 
ards you ought to know 
about for your packings 
and oil seal needs. We 
want you to have a copy. 








INTERNATIONAL 


INTERNATIONAL PACKINGS CORPORATION 


Graton & Knight Company Affiliate 
Bristol, New Hampshire 
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speeds and precision are attained 
by the use of an ultrasonic tool 
head vibrating from 18,000 to 30,- 
000 cycles per second. 


Restyled Motors 
Meet NEMA Standards 


A new line of electric motors in 
open drip-proof, totally-enclosed 
fan-cooled and explosion-proof en- 
closures meets latest National 
Electrical Manufacturers Associa- 
tion frame size standards, and 
features new, modern styling by 
Sundberg-Ferar, industrial design- 
ers. Smaller and lighter than 
previous motors of equal horse- 
power, the new L. A. line of Louis 





New open, drip-proof (above) and 

totally-enclosed, fan-cooled motors 

(below) meet latest NEMA stand- 

ards. These and other types meeting 

the new standards will be available 
in 1954 





Allis Co. motors will be available 
in ac polyphase types in ratings 
to 40 hp at 3600 rpm in January, 
1954. 

Despite reduced size and weight 
of the new motors, performance is 
equal to that of previous motors. 
Starting and breakdown torque, 
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efficiency, power factor, tempera- 
ture rise and service factors have 
not been sacrified. Improved ven- 
tilation and the elimination of un- 
necessary material make this pos- 
sible. 

Improved bearing construction 
has also been incorporated to give 
longer life and better overload ca- 
pacities for V-belt drives. Factory 
lubricated, the bearings should 
give years of satisfactory service 
without maintenance or attention, 
the manufacturer claims. 











“He never comes right out and 
says anything.” 





A private seminar on industrial 
standardization will be held from 
January 25 through 29, 1954, in 
the Engineering Societies Building, 
29 West 39th St., New York. The 
Gaillard Seminars were started in 
1947 upon request from companies 
for assistance in the organization 
of their standardization work and 
the training of their men in writing 
standard specifications. More than 
120 organizations have thus far 
been represented. 

The January 1954 session will 
consist of ten conferences, one each 
morning and afternoon, Monday 
through Friday. At each confer- 
ence a subject on the seminar pro- 
gram will be presented by Dr. Gail- 
lard followed by a roundtable dis- 
cussion. Further details concern- 
ing registration may be obtained 
by writing Dr. John Gaillard, 400 















West 118th St., New York 27, N. 
Y. or the American Standards As- 
sociation, 70 East 45th St., New 
York 18, N. Y. 


Community Aids 
Engineer Development 


A community project to assist in 
the professional development of 
young engineers was recently de- 
scribed by Cornelius Wandmacher, 
professor of civil engineering at the 
University of Cincinnati, at a joint 
meeting of the American Society 
for Engineering Education and the 
Engineers’ Council for Professional 
Development. 

The program, started in Cincin- 
nati, embraces six basic points of 
endeavor: orientation and train- 
ing in industry, continued educa- 
tion, integration into the commu- 
nity, professional registration, self 
appraisal, and recommended read- 
ing. Nine of the city’s industrial 
companies, 23 local sections of na- 
tional technical and scientific so- 
cieties, and members of the admin- 
istration of the University are par- 
ticipating in the program. 

A total of 285 engineers and 
scientists have enrolled in advanced 
courses at the University of Cincin- 
nati. Ground was broken during 
the past year for a $100,000 addi- 
tion to the city’s Engineering So- 
cieties building. Committees made 
up of local businessmen, profes- 
sional engineers and educators are 
working on the program. 

“We invite assistance in expand- 
ing this program to other com- 
munities in order that the level of 
professional competence may be 
raised throughout the nation,” Pro- 
fessor Wandmacher, chairman of 
the ECPD training committee, said. 





Thirteen winners of the 1953 Re- 
sistance Welder Manufacturers As- 
sociation Prize Contest have been 
announced. The RWMA prize con- 
test selects three papers from an 
industrial source, two from a uni- 
versity source, and one from an 
undergraduate source. First prize 
of $750.00 for a paper from an in- 
dustrial source, entitled “Design 








MACHINE DESIGN—December 1953 





























(Advertisement) 


Brakemotor Prevents Drift, 
Saves Space on 


Niagara Bending Rolls 


Use of a motor incorporating a 
spring-applied, electromagnetically re- 
leased brake as an integral part of 
the motor design is an important 
factor in the simple, positive finger- 
tip control of the bending rolls pro- 
duced by Niagara Machine & Tool 
Works, Buffalo, N. Y. 

In the neutral position, rolls are in- 
stantly stopped by the action of the 
Brakemotor. This feature prevents 
drifting or overcoasting of the work 
in the rolls and thus permits more 
accurate operation. The fast, precise 
action of the brake allows work in 
the rolls to be reversed rapidly and 
frequently, without kicking out the 
thermal overload relays, as might 
occur in reversing by plugging. 

The Brakemotor also permits jog- 
ging in short increments. The opera- 
tor has complete and accurate control 
at all times. 





Precise control of this Niagara Bending 
Roll is made possible by the Star-Kimble 
Brakemotor shown at lower left of machine 


Saving in Frame Sizes 


The Brakemotors used on _ these 
bending rolls are specially engineered 
to meet the speed and torque re- 
quirements of the application. As a 
result, Niagara has been able to use 
smaller frame sizes than would be 
possible with conventional designs. 

In bending roll service, an extreme- 
ly high torque is required when the 
plate is first started through the rolls. 
In the Brakemotors used on a typical 
size of Niagara Bending Roll, a 7% 
hp motor provides the same starting 
torque as a 15 hp motor. Moreover, 
this 7% hp motor is built in a smaller 
than standard frame size. 

These features of fast, accurate 
stopping, reversing and inching on 
short cycles and smaller frame sizes 
are made possible by the brake ac- 
tion which eliminates the need for 
plugging and by the added safety fac- 
tors for heavy duty which are built 
into the motors. 

The Brakemotors are built by Star- 
Kimble Motor Division of Miehle 
Printing Press and Mfg. Co., 201 
Bloomfield Avenue, Bloomfield, N. J. 
Complete details are given in Bulle- 
tin B-501-A, copies of which are avail- 
able on request from the manufac- 
turer. 
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START STOP! START STOP! START STOP! START 





TOP! STARTSTOP! STARTSTOP! START STOP! 









TOPS! START 
= 


with Star-Kimble Brakemotors 


That extra-large brakelining area you see brings a Star-Kimble Brake- 
motor and its connected load to an extra-fast stop—as short as a fifth 
of a second from full speed to standstill if desired. 


And the small air gap contributes to equally fast starts. Brake is released 
the instant motor current is switched on—equipment starts without drag. 


That's the story of a single Star-Kimble stop-start cycle. And the expe- 
rience of user after user proves that Star-Kimble Brakemotors maintain 
the same split-second stops, the same smooth starts, through hundreds of 
thousands of cycles. In reversing service, conventional plugging mrethods 
with a typical 5 hp motor allow only 3 starts per minute. With a 
Star-Kimble Brakemotor, the figure is boosted to 10! 


Of course, every Star-Kimble Brakemotor is a compact, integral unit 
designed to save space—and give rugged, dependable performance. 
One manyfacturer—one responsibility. 







For the full story, write for Bulletin B-501-A 


TAR-KIMBLE 


MOTOR DIVISION 
HLE PRINTING PRESS AND MFG. CO. 
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STOP! STARTSTOP! START STOP! START STOP! 
minute after minute YEAR AFTER YEAR 


01 Bloomfield Avenue Bloomfield, New Jersey 
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and Application of Edge Ring 
Welding” was awarded to Chester 
A. Czohara of International Har- 
vester Co.’s Manufacturing Re- 
search Dept. in Chicago. He is a 
welding engineer conducting re- 
search projects in the resistance 
welding field. 


Pressure Chamber 
Like Space Ship 


An unusual pressure chamber 


for testing models hydrostatically 
might be mistaken for a space ship 
Built by the struc- 


of the future. 








Chamber on its tripod supports 
might be a space ship ready for 
launching 


tural and welding shops at the 
Norfolk Naval Shipyard, the 
chamber, 24 feet high, eight feet 
in diameter and capable of with- 
standing 1000 psi, has a cylin- 


Pressure chamber head made of cold- 
formed one-inch thick steel segments 











drical 
head. 

Despite expert opinions that the 
chamber could not be made, and 
failure of the first spun head tried, 
a head was successfully fabricated 
of cold-shaped steel sections weld- 
ed into hemispherical form. A 
bumping process was used to form 
the segments in a standard eight- 
inch hemispherical bumping die. 
After forming, segments were 
carefully cut to finished dimen- 
sions, fitted together and welded. 


body and _ hemispherical 


Lab Corrosion Tests 
Match Field Test Results 


Results of laboratory corrosion 
tests conducted by the National 
Bureau of Standards on ferrous 
metals in 15 different types of soils 
show good correlation with the 
actual corrosion observed on 
wrought specimens in long term 
tests. Reliable data by the new 
test method can be obtained in six 
months while field tests lasting 10 
years or more are usually required. 

Corrosion of metals in many soils 
is attributed chiefly to differences 
in the accessibility of oxygen to the 
surface. Differences in oxygen con- 
centration create differences in the 
potential of various areas, result- 
ing in the flow of electric current 
through the soil from the oxygen- 
deficient areas (anodes) to those 
areas (cathodes) receiving more 
oxygen. 

Laboratory corrosion cells used 
by NBS make use of this principle. 
Each cell consists of a cylindrical 
Lucite enclosure containing two 
short-circuited disk-shaped  elec- 
trodes of the same material, iron 
or steel. One electrode is solid, 
the other perforated, and they are 
separated by a layer of moist soil. 
Edges and one face of each of the 
two electrodes are covered with 
bituminous paint. The layer of 
moist soil in contact with the 
coated side of the perforated elec- 
trode regulates diffusion of air to 
the electrodes; the perforated elec- 
trode receives a greater supply of 
oxygen than the solid one, adjacent 
to which the soil was puddled, and 
therefore assumes a more positive 









potential. 

If the corrosion of ferrous met- 
als in all soils proceeded at a rate 
that was constant with time, 
weight-loss measurements made 
after a short arbitrary period of 
exposure should indicate relative 
rates of corrosion, assuming neg- 
ligible cleaning errors. Actually, 
however, corrosion in soils may pro- 
ceed at a rate proportional to time, 
or may sometimes cease entirely, 
depending on the type of soil. It 
was thus necessary to operate the 
laboratory corrosion cells for a 
sufficiently long period to produce 
effects comparable to those shown 
by field exposure tests. 

In the NBS investigations, the 
corrosion cells were kept on short 
circuit for six months. During this 
time periodic measurements of cell 
current permitted study of the pro- 
gress of corrosion with time. At 
the end of the period the combined 
weight losses of the two electrodes 
were taken as the measure of cor- 
rosion. 

To evaluate the laboratory cor- 
rosion cell as a means for predict- 
ing corrosion in the field, samples 
of soil collected at 15 NBS expo- 
sure sites were used. The results 
were correlated with weight-loss 
measurements made  on_ short 
lengths of steel and wrought iron 
pipe which had been exposed for 10 




















“Some day | want to congratu- 
late the guy who put these indi- 
cators up here.” 
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ometimes problems involving fast-moving 

mechanical action or fluid flow are more 
quickly solved by taking the “long look”’ that 
high speed movies give you. 

Champion Paper and Fibre Company engi- 
neers do this with a Kodak High Speed Cam- 
era. By filming a troublesome operation or 
process at 3200 pictures a second and then pro- 
jecting the films at normal speed on a standard 
projector, action appears to slow down as 
much as 200 times. This often makes it possible 
to see exactly where the root of the trouble lies, 
and the films can be shown over and over 
again, stopped at critical points for detailed 
study and analysis. 

With its Kodak High Speed Camera, Cham- 
pion has studied the factors involved in the for- 





Industrial Photographic Division 
EASTMAN KODAK COMPANY, Rochester 4, N.Y. 


the Kodak HIGH SPEED Camera 
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mation of a sheet of paper from a pulp suspen- 
sion, investigated tests used to evaluate paper, 
studied mechawical problems connected with 
mill machinery. 

Perhaps you have a high speed problem that 
has to be seen to be solved. Perhaps you find 
that “cut-and-try”’ experimentation is too time- 
consuming and costly. A Kodak High Speed 
Camera may be your answer. It has the right 
speed range for most industrial applications, is 
not too difficult to operate, uses regular 16mm 
movie film. To see how others have used it, send 
for our new booklet, “High Speed Motion 
Picture Making in Industry.” Or write for 
details on a sound movie, “Magnifying Time.” 
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years at the same 15 localities. An 
empirical equation relating the 
laboratory and field data indicated 
that the laboratory measurements 
could be used to predict field weight 
losses with root-mean-square error 
of about +4 ounces per square 
foot for corrosion rates ranging 
from 2.5 to 30 ounces per square 
foot for the 10 year exposure pe- 
riod. Because the 15 soils covered 
the range of corrosivity of the 
soils of the United States, this em- 
pirical relationship may be applic- 
able to any soil. 

Some underground § structures, 
such as piping systems and storage 
tanks, usually fail as a result of 
pitting, this factor was also con- 
sidered. Analysis of the field data 
showed a good correlation between 
weight losses and maximum pit 
depths on wrought ferrous speci- 
mens which had been exposed for 
10 years at 58 NBS exposure sites. 
These data were then combined 
with the first empirical equation 
to obtain a second equation which 
can be used to predict, with an 
average error of +18 mils, the 
depth of the deepest pits occurring 
on wrought iron or steel buried for 
10 years. For the prediction of 
weight losses and maximum pit 
depths on areas greater than the 
area of the field specimens and for 
periods of exposure other than 10 
years, use was made of general 
equations relating weight losses 
and maximum pit depths with 
length of exposure and exposed 
area. Average values for the con- 
stants to be used in these equations 
were obtained. 


Vacuum Gage 


A new molecular vacuum gage 
operates in a manner similar to the 
fairly well known fluid coupling. 
Turbine and runner of the vacuum 
gage are concentric vaned cylinders 
of thin brass stock. Rotated at 
3600 rpm by a small synchronous 
motor, the driving member im- 


parts momentum to the molecules 
of gas present in the sealed portion 
of the gage which is connected to 
the vacuum system. Momentum of 
the gas molecules impinging upon 
the blades of the other cylinder 
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cause it to rotate some amount 
proportional to the pressure in the 
system. The driven cylinder is at- 
tached to a magnetically damped 
pointer, and prevented from rotat- 
ing freely by a spring. 

As deflection of the indicating 
needle is dependent upon the mo- 
lecular weight of the gas in the 
system, the gage is available in 
two types, identical except for scale 
marking. Both cover a range of 
0 to 20 mm of dry air; one is cali- 
brated directly for dry air and the 
other has a linear scale for calibra- 
tion for other gases. 

Expected uses of this new Gener- 
al Electric development are in the 
fields of vacuum metallurgy and 
purification, refrigeration unit 
manufacturing, electron tube manu- 
facturing, vacuum coating and plat- 
ing and many other processes. Size 
of the unit is 4 5/16 inches square 
by 5% inches deep. 


Aluminum strip with drawing 
qualities similar to those of con- 
tinuous-cast brass strip made by 
the same firm is being produced 
by Scovill Mfg. Co. An innovation 
introduced in the new mill used to 
produce the strip is the use of an- 
nealing furnaces with a nitrogen 
atmosphere to minimize formation 
of oxides on the strip. Drawing 
qualities of the strip were demon- 








“It’s that purist from Machine 
Design!” 








strated at the National Metal Ex- 
position in Cleveland by drawing 
similar cups from both brass and 
aluminum on the same press. 


High Vacuum 
Committee Formed 


To disseminate knowledge on 
high vacuum technology, stimulate 
exchange of ideas and encourage 
research on new processes and 
equipment, the Committee on Vac- 
uum Techniques (CVT) has been 
established. The Committee on 
Vacuum Techniques is a nonprofit 
corporation which embraces mem- 
bership from industry employing 
vacuum processes, universities en- 
gaged in high vacuum research, 
and manufacturers of vacuum 
equipment and components. 

At a meeting held in New York 
city in June, some 60 representa- 
tives of industries, universities and 
equipment manufacturers discussed 
the nature of an _ organization 
which would best serve their needs. 
Dr. Henry Barton of the American 
Institute of Physics discussed vari- 
ous problems associated with for- 
mation of a formalized technical so- 
ciety. He suggested that the group 
should be kept on an informal basis 
and concentrate on service to the 
vacuum field rather than on a 
formal permanent organization. 

A strong opinion was advanced 
that one of the most useful func- 
tions of such an organization would 
be the standardization of nomen- 
clature, testing techniques, and 
equipment performance ratings. 
Considerable confusion has result- 
ed from misunderstanding of such 
fundamentals since high vacuum 
is employed by a broad variety of 
fields such as electronics, food, 
metallurgy, coating, distillation, 
pressure vessel testing, optical and 
nuclear. 

The committee on Vacuum Tech- 
niques plans to sponsor a High 
Vacuum Symposium in June, 1954 
at Asbury Park, N. J. Program- 
ming plans are well underway. The 
Committee on Vacuum Techniques, 
Box 1282, Boston 9, Mass., is solici- 
ting membership applications from 
individuals and companies inter- 
ested in high vacuum technology. 
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LOGAN FLUID POWER ¢ DURABLE, DEPENDABLE SINCE 1916 


Yosemite Falls, Yosemite National Park, 
drops a total of 2,425 ft. in three leaps; 
Upper Fall, 1,430 ft.; Middle Cascade, 
600 ft.; Lower Fall, 320 ft. In spring the 
roar of this mighty cascade can be heard 
throughout the upper Yosemite Valley. 


LOGAN AIR CONTROL VALVES 


@ BALANCED PISTON 
@ COMPACT DESIGN 
@ EASILY INSTALLED 

@ SELF-CLEANING 


79 MODELS 


MOST MODELS STOCK DELIVERY 


Le# Logan Engineers help you design your 
Air and Hydraulic Circuits Model 6540 


Model 6245—4-Way, 2-Position 4-Way, 2-Position 


LOGAN MANUFACTURES 6.975 STANDARD CATALOGED ITEMS 


FREE CATALOG ON REQUEST 


AIR CONTROL VALVES, Cat. 100-4 * AIR CHUCKS, Cat. 70-1 # AIR CYLINDERS, Cat. 100-1 «© AIR-DRAULIC CYLINDERS, Cat. 100-3 
[Salt AIR and HYDRAULIC PRESSES, Cat. 51 © COLLET GRIP TUBE FITTINGS, Cat. 200-5 « HYDRAULIC CONTROL VALVES, Cat. 200-4 


HYDRAULIC CYLINDERS, Cats. 200-2; 200-3 © HYDRAULIC POWER UNITS, Cat. 200-1 © SURE-FLOW COOLANT PUMPS, Cat. 62 
S, oy 
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Compact Motors 


Newly designed Fluid-Shaft mo- 
tors use an internal fluid coupling 
to give greater compactness in 
terms of output. Unit illustrated 
is a 4%4-hp type in a No. 203 frame. 
Its overall length has been short- 
ened 4 in., its height 1%, in. and 
floor to shaft cerzterline distance 
'4-in. from previcus modei. Stand- 
ard frame sizes from 203 through 
326 and ratings from % through 
15 hp are available. In addition 
to providing compactness, coupling 
also gives smooth load acceleration 





and protection for driven equip- 


ment. Made by Reuland Electric 
Co., 3001 West Mission Rd., Al- 
hambra, Calif. 


For more data circle MD-72, Page 269 


Frequency Converter 


Nobrush compact motor-gener- 
ator unit converts 60-cycle current 
to 400 cycles. It has neither brush- 
es, slip rings, commutator nor ex- 
citer. It is not affected by temper- 
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grit, 
overloads or short circuits. Outputs 
of 150 va to 25 kva single or three 
phase are available with motor 
drive for any standard frequency 


ature extremes, moisture, 


or voltage. The two-bearing unit 
measures 18 in. in diameter, is 16 
in. high and weighs 247 lb. Made 
by Georator Corp., Manassas, Va. 


For more data circle MD-73, Page 269 


Flow Control Valve 


Volume of delivery of viscous 
liquids is accurately controlled by 
adjustment of the position of the 
cylinder in the spiral delivery chan- 
nel. Liquid entering the valve 





housing from either of two ports 
is forced into the spiral channel on 
the inside wall of the valve through 











which the liquid escapes. This 
channel is nearly 3 ft long and 
about the size of *-in. pipe. As 
the wheel control is turned, the 
cylinder exposes more of the spiral 
channel, and the length of flow is 
reduced. Flow is controlled by 
friction on the liquid rather than 
by the size of the opening. Han- 
dling paints, crude oil and waste 
liquids containing dirt or sediment 
without clogging, the valve is avail- 
able in 1144, 2 and 2'%-in. sizes 
from Anglo American Mill Sales 


Co., Owensboro, Ky. 
For more data circle MD-74, Page 269 


Thermocouple Packing Gland 


C-U-P gland permits changing 
exposed wire thermocouples with- 
out reducing pressure on the sys- 
tem. It is basically a thermo- 
couple gland equijped with an 
open end protection tube, a special 
packing gland and a gate valve. 
The protection tube enters the 
pressure system through the pack- 
ing gland and gite valve; the 
thermocouple gland provides the 
pressure seal around the exposed 
wires inside the tube; and the 
packing gland seals the outside of 
the tube in normal operation and 
while the thermocouple and tube 
are being slid in or out of the sys- 
tem. When the thermocouple is 
pulled back past the gate of the 
valve, the valve can be closed to 
hold the pressure in the system. 
Complete removal of the thermo- 
couple is then accomplished by 
loosening the packing gland cap 











MACHINE DESIGN—December 1953 














and pulling out the gland follow- 
er, sealant and removable gland 
seat. A stainless steel setscrew 
seated in a machined groove in the 
thermocouple gland prevents blow- 
back of the tube through the 
packing gland. The C-U-P gland 
normally withstands pressure of 
about 500 psi. Temperature range 
is determined by the sealant se- 
lected for both the thermocouple 
gland and the packing gland parts. 
Asbestos-graphite, standard for 
the packing gland, will withstand 
700 F; Teflon, 500 F; Neoprene, 
200 F. Available for use with 14 
or 20 gage thermocouple wires 
from Conax Corp., 4515 Main St., 
Buffalo 21, N. Y. 


For more data circle MD-75, Page 269 


Pillow Blocks 


Manufacture of Sealmaster ball 
bearing units with double extend- 
ed race emkodies Zone Hardening, 
a process for induction heat treat- 
ing the inner race ring through the 
ball path section only. Since ex- 
tended portions of race remain un- 
affected, hardened threads of set 





screws are able to bind tightly 
against soft threads of race for 
positive race-to-shaft locking. 
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Double extension of inner race 
ring assures positive lock between 
inner race of bearing and shaft 
and reduces shaft wear and fret- 
ting corrosion. Shock and vibra- 
tion resistance are increased since 
most of inner race remains rela- 
tively soft and tough. Zone Hard- 
ening is done by automatic induc- 
tion heating and high-speed oil 
quenching. The bearings are made 
by Stephens-Adamson Mfg. Co., 


Aurora, Ill. 
For more data circle MD-76, Page 269 


Flareless Fitting 
Steel, brass, aluminum and 


stainless steel flareless fittings are 
made in all popular shapes in sizes 
from ¥ to 2 in. They are suit- 


able for heavy or thin wall tubing, 
neither of which is cut or gouged 
when fittings are tightened. Cap- 





able of handling anything that 
flows, fittings hold twice tube 
bursting pressures up to 50,000 
psi, depending on size of fitting 
used. Performance exceeds that 
required by JIC hydraulic stand- 
ards and AN-F-47 and MIL-F-5506. 
Fittings can be reused by replac- 
ing a sleeve. Made by Aircraft 
Fitting Co., 1400 E. 30th St., 
Cleveland 14, O. 


For more data circle MD-77, Page 269 


Miniature Metal Seals 


Tourseals are available made 
from 1/32-in. diameter stainless 
steel tubing with 0.005-in. wall 
thickness. Sizes range from % to 
1 in. OD. Seals can be used at 
temperatures ranging from —150 
to 1000 F. They seal against pres- 
sures of 1000 psi and are resist- 
ant to corrosion. Used in small 
hydraulic, pneumatic and steam 
lines, the seals are adaptable to 








bolt heads, flanges, rivets, etc. 
Special sizes can be made to order 
by D. S. D. Mfg. Co., 2964 Whitney 


Ave., Hamden, Conn. 
For more data circle MD-78, Page 269 


Dual Drive Adaptor 





Dual drive, Circle Ess adaptor is 
designed for use with flexible shaft 


- drives where more than one unit is 


to be driven from the same source 
or where space limitations prevent 
direct connection without bending 
shaft to point of possitle damage. 
Unit has 5-18 threaded connec- 
tions with 0.104-in. internal 
square drives. Ratios of 1:1, 15:1, 
16:1 and 17:1 are available for 
either left or right-hand rotation. 
Body is aluminum alloy with brass 
connectors. Gears are hardened 
steel and permanently lubricated 
for high or low temperature serv- 
ice. Weight is 4 oz. Made by F. 
W. Stewart Mfg. Corp., 4311 Rav- 
enswood Ave., Chicago 13, III. 


For more data circle MD-79, Page 269 


Solenoid Valves 


For speeds as high as 600 cycles 
per minute, two \-in., four-way 
poppet valves are direct solenoid 
operated. Model CC1-25 is a 
single-solenoid model; its single 
valve stem, which is the only mov- 
ing part, is spring returned. Model 
CC11-25 has two solenoids, and its 


- single valve stem remains at eith- 


er end of its short stroke until 
the other solenoid is momentarily 
energized to return it. Thus “mo- 
mentary contact” operation is pos- 
sible, eliminating the necessity of 
keeping the solenoid energized to 
hold the valve in its shifted posi- 
tion. Pipe or tubing connections 
are to a separate manifold, to 
which the valve mounts. Internal 
passages of the valves are as large 
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New Parts and Materials 








as or larger than the inside di- 
ameter of standard weight pipe of 
their rated size, and they are of- 
fered, optionally, tapped for %-in. 
pipe or tubing connections. Prin- 
cipal use is expected to be for 





electric control of small, double- 
acting air cylinders on_ short 
stroke, high-speed applications 
such as switching mechanisms for 
conveyors, welder cylinders and 
clamping and work-positioning cyl- 
inders on various automatic and 
semiautomatic machines. Made by 
Hannifin Corp., 1116 S. Kilbourn 
Ave., Chicago 24, IIl. 


For more data circle MD-80, Page 269 


Corrosion Preventive 


Barcote No. 600 is applied by 
either brushing or spraying. A 
solvent, cut-back, leaded com- 
pound, it provides coverage with a 
thin, rubber-like film which sets to 
a semihard coating of pure lubri- 
cant. It adheres to and penetrates 
all metals. The film expands and 
contracts without flaking, cracking, 
pulling away, blistering or failing. 
The material flows at 0 F, does not 
emulsify with water, and pene- 
trates behind scale and through 
rust. It does not evaporate in 
storage, does not dry hard, resists 
the action of salt water, is soluble 
in petroleum solvents, does not 
clog spray equipment, and can be 
filtered through an 0.005-in. mesh 
unit. Developed by the Brooks Oil 
Co., 934 Ridge Ave., Pittsburgh 12, 
Pa. 


For more data circle MD-81, Page 269 


Snap-Action Limit Switch 


Features of Loxswitch single- 
pole double-throw limit switch in- 
clude a trigger-action break inde- 
pendent of operating lever speed, 
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operating shaft supported by bear- 
ings at both ends and large wir- 
ing compartment separated from 
moving parts. Vibration and im- 
pact shock are minimized by use 
of lightweight silver contacts in 
balanced rotor. Each pole is inde- 
pendently spring loaded and locked 
when in either position. 

Normally assembled for counter- 
clockwise operation with spring re- 
turn, switch, if specified, can be as- 
sembled for clockwise operation, 
or with return spring omitted, for 
maintained contact in either direc- 
tion. It can be changed in field to 
meet these conditions. Usable on 
up to 600-v circuits, switch is rated 





6 amp on 120-v ac. With 20 per 
cent over-travel, units have tested 
at 20 million operations. Made by 
R. B. Denison Mfg. Co., 4220 Hough 
Ave., Cleveland 3, O. 

For more data circle MD-82, Page 269 


Heating Tape 


A wire heating element is sealed 
in Ribbon Heat flexible plastic tape, 
one end of which, in the Under- 
writer approved type, has flexible 
leads which connect to any 110 or 
220-v approved outlet box. The 
tape is rated at 7 w per foot. Shock- 
proof, waterproof and unaffected 
by mild acids and alkalies, it is fur- 
nished in lengths of 20 to 60 ft 
for 110-v service and 40 to 120 ft 








The tape is also 
available with a plug, for use in 
any convenience outlet, or with 


for 220-v use. 





thermostats which provide auto- 
matic protection against sudden 
temperature changes. In original 
equipment Ribbon Heat is employed 
to prevent marked differences in 
temperature between sections of a 
unit. Developed by Cox and Co., 
115 East 23rd St., New York 10, 
N. Y. 


For more data circle MD-83, Page 269 


Corrosion Resistant Valves 


Made in both natural and Buna 
N hard rubber, globe, angle and 
wye valves are available in sizes 
from 1 to 4 in. All stems and 
disks are metal reinforced. Disks 
with soft rubber seating surfaces 
are renewable. Natural hard rub- 
ber valves can be used at tempera- 
tures not exceeding 120 F. Line is 
also available in special compounds 





which may be used to 180 F un- 
supported, as well as in Buna N 
hard rubber, which is recommended 
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¢*efor “tough-job” lubrication 


on the largest, heaviest machines... 


meee ea aaa ae aa 


ALEMITE Accumeter’ 


CENTRALIZED LUBRICATION 


sealed against grit...fumes...abrasives 
operates outdoors in any weather! 











Alemite Accumeter Lubrication Sys- 
tem delivers the exact, measured 
amount of lubricant to all bearings of 
a machine. In a fraction of the time re- 
quired for hand lubrication—Accume- 
ter measures and delivers lubricant— 
while the machine is in operation! No 
down time—no points missed. No won- 
der 95% of big plants buying machine 
tools want centralized lubrication! 


Type Il Accumeter is unmatched for 
simplicity of design. It’s fully sealed 


FACTORY-TESTED . . . FIELD-PROVED 


Proved in the field. Exhaustive tests showed no variation 
in the amount of lubricant discharged . . . 
73,312 lubrication cycles, equal to 122 years of 


twice-a-day service. 


ALEMITE 


*REG. U.S. PAT. OFF. 
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and enclosed—yet may be serviced 
without being removed from machine. 
Operates in salt spray, severe acid or 
fume conditions—even totally im- 
mersed— because it may be painted or 
treated with non-corrosives. 


Type Il Accumeter System can serve 
single machines or groups—will handle 
any required lubricant—heavy or light. 
It is just one of three types of Accu- 
meter Systems made by Alemite. One 
of them will serve your requirements. 


even after 
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ALL THESE ADVANTAGES! 


® Eliminates shutdown time for lubrication. 
Adds productive time to machine output. 


® Seals completely against dirt, 
grit, water all the way from 
“Barrel-to-Bearing.” 


® Prevents bearing troubles due to neglect 
or use of wrong lubricant. 


® Services all bearings—including 
those inaccessible or dangerous— 
in one operation. 


® Avoids work spoilage and bearing 
repairs due to over-lubrication. 
















New Parts and Materials 





for service up to 225 F and resists 
many organic chemicals in addi- 
tion to the inorganic acids, alkalies 
and salts to which hard rubber is 
resistant. Made by Vanton Pump 
& Equipment Corp., Empire State 
Bldg., New York 1, N. Y. 
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Leakproof Flexible Hose 


Synthetic tube incorporated in 
Qua-Seal leakproof flexible hose 
prevents permeation of highly vo- 
latile freon gas. Hose is reinforced 
with two layers of braided textile 
and withstands wide temperature 
range found on both suction and 
discharge sides of refrigerator 
compressor. It can be used with 
working pressures up to 400 psi. 
Hose can also carry lacquers, lac- 
quer solvents, naphtha, kerosene 





and many chemicals. It is avail- 
able in inside diameters of 4, %, 
%, % and 1 in. Made by Quaker 
Rubber Corp., division of H. K. 
Porter Co. Inc., Tacony and Com- 
ly Sts., Philadelphia 24, Pa. 


For more data circle MD-85, Page 269 


Polyphase Motors 


Designated Tri-Clad 55, line of 
polyphase ac motors has average 
size reduction of 50 per cent by 
volume and averages 22 per cent 
less weight per horsepower than 
previous models. At the same time 
line retains cast iron construction 
and incorporates new insulation 
system, bearing assembly and ven- 
tilation plan. Noise levels have 
also been reduced so that the new 
10-hp motor tests as low as the 
former 2-hp model and all units 
pass a quality control sound test. 
Units will be available in NEMA 
frame sizes 182 and 184 (1, 1%, 
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and 2 hp at 1800 rpm) in horizon- 
tal drip-proof and totally enclosed 
fan-cooled models, and a complete 





line of gearmotors. Larger frame 
sizes and other types are planned 
for production and will be made 
available at regular _ intervals. 
Made by General Electric Co., 
Schenectady 5, N. Y. 


For more data circle MD-86, Page 269 


Snap-Acting Switches 


New base design of Unimax snap- 
acting switches provides terminals 
which are sturdy enough for wir- 
ing circuits handling the 17 am- 
peres at which the switches are Un- 
derwriter approved. The termin- 





als are uniformly spaced along the 
switch base, on which a central 
step lengthens creep distances so 
that no insulating barriers are re- 
quired and circuit separation is 
easily maintained. The flat sur- 
faces and 6-32 binding head screws 
of the terminals allow connection 
by standard size lugs or looped 
wires up to No. 14. Markings on 
the base identify the normally 


open, normally closed and common 
contacts. Designated -5, the base 
is available on all switches except 
the bottom-reset and double-throw 
top-reset types from Unimax 
Switch Div., W. L. Maxson Corp., 
460 W. 34th St., New York 1, N. Y. 


For more data circle MD-87, Page 269 


Check Valve 


Features of this free-flow check 
valve include low pressure drop 
and virtually no flow restriction in 
nonsurge hydraulic systems oper- 
ating up to 3000 psi. Spherical 
poppet nose and matching seat are 
self aligning assuring a leakproof 
seal. Standard opening pressure 
is as low as 3 oz, but stronger 
springs are available so that valve 
can be used as combination in-line 
relief-check valve. Various metals 





are offered in sizes from 4 to 1 in. 
with all combinations of tube and 
pipe ports. Operating tempera- 
tures are —65 to 200 F, higher on 
order. Made by Republic Mfg. Co., 
1930 W. 77th St., Cleveland 2, O. 


For more data circle MD-88, Page 269 


Miniature Electrical Connectors 


Taper technique eliminates ter- 
minal screws or soldering in elec- 
trical circuits. Both self-locking 
terminals, the taper pin with mat- 
ing receptacle and the flat taper 
tab and taper tab receptacle were 
designed for limited space. Taper 
Pins are only a few thousandths of 
an inch thicker than the insulated 
diameter of the wire, which per- 
mits very close spacing of termina- 
tions without danger of short cir- 
cuits. The units resist vibration 
and are tandem mounted in strip 
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Y tailor-made to meet your requirements in 
standardized designs for belt tensions up to 


1500 pounds per inch of face. 


Y Mounted on shafts with Jones-Timken pil- 
low blocks and couplings factory assembled 


to simplify field erection. 


Y drive Pulleys with plain or grooved lagging. 
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BELT CONVEYORS... USE 


CONVEYOR 
PULLEYS 
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JONES is the prime source of supply for 
complete drives to HEAVY INDUSTRY. 


W asi for Catalog No. 83 


a — Worm — Worm-Helical — Spur Gear 
Speed Reducers ® Cast Iron Pulleys ® V-Belt Sheaves 


Timken Pillow Blocks ® Flexible Couplings ® Cut Gears 


W. A. Jones Foundry & Machine Co. 
4413 West Roosevelt Road, Chicago 24, Illinois 


Fince 1890... In the Service of Induslry 
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New Parts and Materials 








form and wound in reels for auto- 
matic application to wire. Typical 
uses are in telephone mainframes, 





stepping switches and relays, out- 
door cable terminals, “AN” con- 
nectors in aircraft, and relays, 
switches and socket tabs in busi- 
ness machines. Made by Electron- 
ics Div., Aircraft-Marine Products 
Inc., 2100 Paxton St., Harrisburg, 
Pa. 
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Mercury Contactor 


Heavy-duty model HD-4 features 
mercury-to-mercury contacts; si- 
lent, chatter-free operation and her- 
metically sealed, explosion-proof 
construction. Each tube of this 
two-tube contactor will control 60 
amp at 115 v ac or 35 amp at 230 
v ac. For dc operation, control 
capability per tube is 12 amp at 





115 v. For motor control, the unit 


is rated at 2 hp at 115 v ac, single 
phase; 3 hp at 230/440 v ac, single 
phase; and 1% hp at 120/220 v dc. 
Coils are available for various con- 
trol voltages, and the unit is avail- 
able with both tubes normally open 
or both normally closed, or with 


280 


one tube normally open and one 
normally closed. Overall dimensions 
are 5 x 33% x 214 in. Made by 
Ebert Electronics Co., 212-26 Ja- 
maica Ave., Queens Village 28, 
a i A 


For more data circle MD-90, Page 269 


Shut-Off Coupling 


Hydraulic and pneumatic lines 
in 44 to %-in. sizes can be quickly 
and easily connected or discon- 
nected with this two-way shut-off 
coupling which supplements series 
HK line. Both socket and plug 
ends of line are instantly sealed 
when coupling is disconnected by 





torpedo valves which contact valve 
seats. When coupling is connected, 
fluid flows through freely with 
positive seal against leakage in- 
sured by compression of O-ring in 
socket body against outside sur- 
face of inserted plug. All coupling 
sizes are available in brass or steel. 
Made by Hansen Mfg. Co., 4031 W. 
150th St., Cleveland 11, O. 
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Pressure Reducing Valve 


Intended for service with heavy 
oil as well as dirty or high vis- 
cosity liquids, Cash-Acme type 
BBC pressure reducing and regu- 
lating valve automatically reduces 
and maintains flow pressure. In 
cadmium plated iron model maxi- 
mum reduction is from 200 to 125 
psi, while in bronze unit, initial 250 
psi is reduced to 200 psi. Direct 
acting single seated valve has 
spring-loaded Monel or Neoprene 
diaphragm and renewable stainless 
steel piston and seat. Universal 
joint type seating arrangement in- 
sures free valve operation. Square 




















head adjusting screw is standard, 
while T handle or handwheel are 
also available. Valve is offered 
for pipe sizes from % to 1% in. 
Made by A. W. Cash Valve Mfg. 
Corp., 666 E. Wabash Ave., De- 
catur 60, Ill. 
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Plastic Piping 


Combining strength with high 
chemical resistance, Carlon V is an 
extruded rigid nonplasticized poly- 
vinyl chloride pipe suitable for 
carrying most corrosive  sub- 
stances. It is practically unaf- 
fected by all mineral acids, bases 
and salts, chlorine, oil, grease, 





gasoline, alcohol and carbon tetra- 
chloride, and is completely immune 
to rot, rust and electrolytic corro- 


sion. It is assembled by conven- 
tional means and weighs about half 
as much as similar aluminum pipe. 
Also suitable for electrical conduit 
and insulation, it is available in 
nominal pipe sizes from 1% to 6 in. 
with IPS wall thickness schedules 
40 and 80. In schedule 80 working 


MACHINE DESIGN—December 1953 


























What’s Screwy? 
























“Very fancy, dear, but wouldn’t it be cheaper to use 
Phillips Cross-Recessed-Head Screws?” 
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PERFECTLY 
MATED! 
Only Phillips 
Drivers are per- 
_ fectly mated to 
: Phillips Screws. 
Look for the name 
Phillips on the 

shank, 


TODAY’S..-. 
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AND THE FUTURE’S 


FREEDOM FROM DRIVER SKIDS 
is just one of the advantages of 
Phillips Screws. No danger of mar- 
ring the finish. In addition, they 
drive in much faster. And they add 
to the structural strength of the 


product, too — set up tighter and re- 
sist loosening under vibration. 

The identifying X on the cross- 
recessed-head identifies the X-tra 
quality of Phillips Screws at a glance. 
Be sure to specify “Phillips.” 


PHILLIPS @essAecessea'Hea/ SCREWS 


& marks the spot... the mark of extra quality 


AMERICAN SCREW COMPANY ® ATLANTIC SCREW WORKS. INC. © THE BLAKE & JOHNSON CO, 
CENTRAL SCREW COMPANY ® CONTINENTAL SCREW COMPANY © THE EAGLE LOCK COMPANY 
ELCO TOOL AND SCREW CORPORATION ® GREAT LAKES SCREW CORPORATION * THE H. M. HARPER CO. 


THE LAMSON & SESSIONS COMPANY 


e NATIONAL LOCK COMPANY 


THE NATIONAL SCREW & MANUFACTURING CO. * PARKER-KALON CORPORATION 


PHEOLL MANUFACTURING CO. ® 
SHAKEPROOF DIV. OF ILLINOIS TOOL WORKS 
STERLING BOLT COMPANY 





ROCKFORD SCREW PRODUCTS CO. ® 


eo PUnEST FASTENER 


SCOVILL MANUFACTURING CO. 
THE SOUTHINGTON HDWE. MFG. COMPANY 
WALES-BEECH CORP. 
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New Parts and Materials 








pressures range from 550 psi in 
the %-in. size to 195 psi in the 6- 
in. size. Special extrusions and 
wall thicknesses are also available 
to order. Made by Carlon Prod- 
ucts Corp., 10225 Meech Ave., 
Cleveland 5, O. 
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Running Time Meter 


Series C2 running time meters 
are now available with ranges of 
10,000 or 100,000 hours, counting 
in 1/10 or 1-hour units; and with 
ranges of 10,000 or 100,000 min- 
utes, counting in 1/10 or 1-minute 
units. They can be supplied for 


RUNNING TIME METER 


HOURS 





115, 220 or 440-v operation at 60, 
50 or 25 cycles. Operated by 
heavy-duty, self-lubricating syn- 
chronous motors, the meters are 
completely enclosed to seal out 
moisture and dust. Units are 
housed in 3%-in. black bakelite 
meter cases and require a 2%-in. 
panel mounting hole. Screw ter- 
minals for wiring are located on 
the back of the unit. Made by In- 
dustrial Timer Corp., 117 Edison 
Place, Newark 2, N. J. 
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Light Duty Pillow Blocks 


Series of light duty type PB ball 
bearing pillow blocks has housing 
which provides initial self-align- 
ment in all directions. They are 
ready to mount and include sep- 
arable two-piece pressed steel 
housing, wide inner ring ball bear- 
ing with locking collar and bearing 
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seals. Bearing is lubricated for 
life and is recommended for speeds 
up to 2400 rpm. Radial load ca- 


















pacity varies between 300 and 600 
lb, depending on shaft size. Stand- 
ard shaft sizes are from % to 14 
in. in increments of 1/16 in. Made 
by Fafnir Bearing Co., New Brit- 
ain, Conn. 
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Hizh-Capacity Relief Valves 


Designed to provide constant re- 
lief pressure control in oil systems, 
1-in. high-capacity pilot type relief 
valves incorporate small pilot 
valves which control the action of 
larger main valves. Constant re- 
lief pressure is not affected by flow, 
temperature or oil viscosity. The 
main valve is responsive only to 
the flow through the pilot and po- 
sitions itself to maintain this pilot 
flow constant. Any change in pres- 
sure at the pressure point affects 
the pilot, which in turn controls 
the main valve. High capacity is 
obtained by sliding spool construc- 














tion. Relief pressures are adjust- 
able from 50 to 1000 psi or 500 to 
3000 psi. Capacity is 40 gpm at 
pressure of 200 psi or greater. 
Made by Fluid Controls Inc., 1284 
N. Center St., Mentor, O. 
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Totally Enclosed Motors 


High velocity movement of air 
over the deep, integrally cast fins 
of type E totally-enclosed, fan- 
cooled motors does not permit 
dust, dirt or other foreign matter 
to accumulate on the motor frame. 











Motors are made in ratings of %4 
hp at 900 rpm to 20 hp at 3600 
rpm in NEMA frame sizes 224 to 
326 inclusive. Additional features 
are rigid cast iron frames with in- 
tegral feet, double-width prelubri- 
cated sealed ball bearings, cast 
aluminum fan and availability for 
vertical, wall, ceiling or horizontal 
mounting. Two or three-phase mo- 
tors are offered in all standard 
frequencies and commercial volt- 
ages below 600 v. Made by Lima 
Electric Motor Co., Lima, O. 
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Heat Resistant Paint 


Sicon silicone base paint pro- 
vides a protective coating which 
withstands temperatures to 1000 F. 
It can be applied by brushing, 
spraying, dipping or roller-coating. 
Color range includes’ various 
shades of tan, brown and gray, as 
well as yellow, red, green, blue, 
ivory and white. The finish re- 
sists flaking, peeling and discolor- 
ing after exposure to heat. Uses 
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Contribute Vitally 
io the Dependable 



















git fie = ? 
" Operation of this Huge 
“PAGE” Walking Dragline 
Huge—yes! Page Walking Draglines are i 
as big as a five room bungalow with [ 


booms of 185 to 200 feet long to swing 
and hoist buckets up to 16 cu. yd. 
capacity. 

Powered by Page Diesel Engines— 
Industrial Gears are used in the swing 
motcr assemblies, hoist and load drum 
bed assemblies and other vital com- 
nents. 

Heavy-duty is a must for all operating 
Parts — break-downs in remote regions 
of operation must be guarded against. 

“I-G” DUROCASE GEARS and “I-G” 
GEARS in the specifications are basic. 
Why not put them to work on your 
equipment. 






















5 ree 





















If you would like to see our 
plant at work pictorially, 
write for Bulletin 152-A. Our 
entire production is devoted ex- 
clusively to Gear and Sprocket 
cutting. We have no side lines. 
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New Parts and Materials 





include appliances incorporating 
heating, and aircraft assemblies. A 
means of identification of com- 
ponents subject to intense heat is 
also afforded by the permanent 
colors of this coating. Made by 
Midland Industrial Finishes Co., 
Waukegan, Ill. 
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Circuit Breakers 


Klixon D6755-1 and D6756-1 cir- 
cuit breakers are completely sealed 
and small in size. Ratings are 4, 
%, and 1 amp. Both the manual 
reset nonindicating type and the 
automatic reset version are small 
and have as their actuating ele- 
ment a snap-acting Spencer disk. 





Both withstand shock of over 25 
g, and vibration frequency of 10 
to 55 cycles per second. Made by 
Spencer Thermostat Div., Metals 
& Controls Corp., Forest St., At- 
tleboro, Mass. 
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Midget Solenoid Valves 


Suitable for Class 1 Group D 
hazardous locations, explosion- 
proof solenoids have been added to 
ASCO midget line. They are avail- 
able for all commercial and indus- 
trial voltages. Enclosures are cast 
iron, with %-in. threaded conduit 
connections. Conduit boxes revolve 
360 degrees. Two-way units are 
available normally-closed for shut- 
off, adjustable main flow and ad- 
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justable by-pass service, and nor- 
mally open for shut-off duty. 
Standard three-way universal units 





are suitable for any three-way 
control application, without adjust- 
ment and regardless of flow direc- 
tion or points of pressure applica- 
tion. Available materials are brass 
and stainless steel, with maximum 
working pressures for the two-way 
unit being up to 1000 psi. Made 
by Automatic Switch Co., 391 
Lakeside Ave., Orange, N. J. 
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Sine-Cosine Mechanism 


Accurate conversion of angular 
rotational movements into linear 
sine or cosine movements is func- 
tion of this sine-cosine mechanism. 
It offers instantaneous solutions 
to problems of changing variables 





involving vector components, range 
and bearing compution, and other 
trigonometric functions. Mech- 


anism has a conventional three- 










lug arrangement for mounting, 
weighs 2 oz and is accurate with- 
in 0.2-per cent full scale. Stroke 
is 0.750-in. plus or minus 0.0015-in. 
each side of zero. Made by Libra- 
scope Inc., 1607 Flower St., Glen- 
dale 1, Calif. 
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Rubber Bonding Process 


Method of bonding natural, syn- 
thetic or silicone rubber to metal 
permits grinding of parts with 
metal cores concentric to toler- 
ances of +0.002-in. Applications 
of this process include nuts and 
bushings which can be tightened 
without breaking, valves with im- 
proved seating even where grit is 
encountered, synthetic rubber 
washers which reduce water ab- 
sorption, and rubber insert back- 
ings on hydraulic cups which pro- 
vide more support than solid rub- 





ber. This process makes possible 
the use of metal in many rubber 
parts requiring rigidity as well as 
resiliency. Developed by Advance 
Rubber Co. Inc., 1702 Washington 


Ave., N. Minneapolis, Minn. 
For more data circle MD-102, Page 269 


Cobalt Base Alloy 


Haynes Alloy No. 25 (L605) 
sheet is cold rolled in thicknesses 
down to 0.0005-in. This alloy has 
high strength and hardness and 
excellent corrosion resistance at 
temperatures up to 1500 to 2000 F. 
Cold working results in a range of 
hardness values as high as Rock- 
well C-55, which is produced with 
an accompanying ultimate strength 
of about 322,000 psi and an elonga- 
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No wonder your shop squawks, these days, 
about every job that calls for skilled 


“Where's I get the OPERATORS operators: 
for 12 reams per unit?’’ What can you do about it—without sac- 
rificing product quality? Well, you can 





















































specify 
COMPO" and "POWDIRON' bearings 


They need no reaming! A simple press fit sizes them to accurate as-installed 1.D. 
Most of the time, they do away with the need for oil holes 
and fittings. That cuts out drilling and tapping operations. 
Tell Production how these bearings speed up output. 
Tell Management how they reduce costs. 


Tell Sales how long they last, with little or no attention. 


You'll find all the facts you need on these oil-retaining beorings— 
products of Bound Brook powder metallury—in our bulletins on advantages, 


application, installation, sizes. Just write for your copies. 8 ti ap @ 0 0 x 
| 


Buy Bound Brook —_{s0ux0 sro0x: OIL-LESS BEARING COMPANY 













Bound Brook, N. J. Bound Brook 9-0441 
MANUFACTURERS OF BEARINGS AND PARTS © ESTABLISHED 1883 
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New Parts and Materials 








tion of about 2 per cent. This re- 
sults from 50 per cent cold reduc- 
tion followed by an aging heat 
treatment. Available from Gen- 
eral Plate Div., Metals & Controls 
Corp., Attleboro, Mass. 
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Snap-Action Switch 


A contact pressure of at least 
45 grams is maintained in this 
hammer-blow snap-action switch 
until the contacts snap over. This 
assures reliability where vibration 
might otherwise cause switch to 
operate prematurely. Contacts 
snap over with hammer-blow force 
of 150 to 200 grams, reducing arc- 
ing and increasing electrical ca- 
pacity. Rated 15 amp, 125/250 v 
ac or 30 v dc, switch is single-pole, 
double-throw type with four ter- 
minals and two separate circuits 
in 1%x % x \&% in. case. It is 
also available in a reset model. 





Switch can be used with or with- 
out actuator, depending on over- 
travel required. Lever, leaf, push- 
button and toggle actuators are 
available. Made by Etectro-Snap 
Switch & Mfg. Co., 4220 W. Lake 
St., Chicago 24, II. 
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Miniature Hydraulic Valve 


Compact V10-1000 miniature hy- 
draulic valve can be utilized as a 
two or three-way valve in either 
normally open or closed positions. 
Principal applications are in auto- 
matic operation of single and 
double-acting hydraulic cylinders 
or for pilot control of large three 
and four-way hydraulic valves. It 
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handles hydraulic fluids at pres- 
sures up to 1000 psi. Internal 
parts are stainless steel. Valve 





has 4-in. NPT threaded ports, ef- 
fective orifice diameter of 3/32-in. 
and measures 3 7/16 in. high by 
15<-in. diameter. Range of alter- 
nating and direct current voltages 
is available. Made by Skinner 
Electric Valve Div., Skinner Chuck 
Co., 95 Edgewood Ave., New Brit- 
ain, Conn. 
For more data circle MD-105, Page 269 


Thrust Bearings 


Modifications in high capacity 
T-59 thrust bearing for heavy 
duty applications on extruders, 
generators, pulverizers and similar 
equipment raise its load capacity 
by about 9 per cent and its life 
by 29 per cent. New retainer de- 
sign sets long roller slots of five 








rollers each in alternate positions 
with short roller slots of four roll- 


ers each. Staggered slotting in- 
creases number of rollers exposed 
to the thrust load, thus increas- 
ing capacity. Bearing will carry a 
590,000-lb lond at 100 rpm. Made 
by Rollway Bearing Co., Seymour 
St., Syracuse 4, N. Y. 
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Nameplate Process 


Using a photochemical process, 
ten nameplates can be made at a 
unit cost almost as economically 
as a quantity of 500. Nameplates 
can be supplied on any nonporous 
surface such as metal or glass. 
They can also be made of 0.003-in. 
aluminum foil backed with a high 
tensile bonding material. Various 
colors are available. Process can 
also reproduce 120-line half-tone 
prints with fine detail. Nameplates 
can be made from customer’s art 





work, or rough sketches can ke 
made into the finished art wo: 
by the originator of the process. 
Company will also supply process 
and materials to other companies. 
Developed by Henry G. Dietz Co., 
12-16 Astoria Blvd., Long Island 
City 2, N. Y. 
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Beryllium-Copper Alloy 


High strength and hardness 
values are combined with tough- 
ness and good electrical conduc- 
tivity in Beryldur, a _ beryllium- 
copper wrought alloy. Properties 
can be varied at will by simple 
heat treatment. Beryllium con- 
tent is 1 per cent. Alloy is pro- 
duced in two tempers—heat treat- 
able and mill hardened. Well suited 
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to manufacture of springs and 
switches, alloy is made in strip 
form only at the present time but 
will be produced in wire and rod 
also. Made by Beryllium Corp., 
Reading, Pa. 
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Variable Speed Drives 


Positive infinitely variable speed 
drives for 20 to 25-hp applications, 
HG-6 and HGG-6, are furnished 
with either a single reduction in- 
put or output helical gear attach- 
ment, or with both single reduc- 
tion input and output attachments 
respectively. Input gear reductions 
are available from 1.93 to 1 mini- 
mum to 5.82 to 1 maximum and out- 
put gear reductions from 1 to 1 to 
6.33 to 1. Speed increasing gear 





sets are also available. Drive pro- 
vides accurate positive power con- 
trol by means of a drive chain with 
self-forming metal teeth which en- 
gage with radial grooves in two 
pairs of cone-shaped wheels. Ra- 
tio is changed by altering effective 
wheel diameter. Drive is unaf- 
fected by extreme temperatures, 
dust, humidity and explosive vapor 
conditions. Made by Link-Belt 
Co., 307 N. Michigan Ave., Chi- 
cago 1, IIl. 
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Surface Thermostat 


Rigidly constructed unit, with a 
deep-drawn housing of either brass 
or steel, withstands mechanical 
shock. Strip type construction is 
such that the thermal responding 
element is insulated from the 

(Continued on Page 292) 
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lubrication 


Sundstrand selected the Bijur 

Type “E” Solenoid-Operated 

Lubricator to protect the bear- 

ings on their special Rigidmil 

omer siig-M-teht-Mol Mel alilile Melis, 

control. All way and feed screw 

bearings are properly lubricated with just 

the right amount of oil by lubricators cycled 
to the travel of the milling heads. 

Bijur Type “E” Lubricators offer added ver- 
satility of application and positive control, 
They can be mounted anywhere on a machine 
since they operate without direct connection 
rom uehdlsle mm olelaee 

Tanacttitelehicmislemelehzelaliele(-cMolmelielulelile Ul olar 
cation for equipment you manufacture. Bijur’s 
experienced engineers are qualified to aid you 
in designing lubrication systems for machines 
now in production or in the planning stage. 

wel ah ialcee olaimlimeltiioliilelileniticlaiaciilela mer memati 


on Bijur. 


Biyor 


LUBRICATING CORPORATION 


Rochelle Park, New Jersey 


Pioneers in Automatic Lubrication N-10 
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VIBRATION 
OF TUBE 


/ 


-. 


Shaking furiously, this machine, built by Columbia 
Machine Works of Vancouver, Washington, molds 
8 building blocks per minute. It compresses concrete, 
vibrates it under 350 psi, and ejects finished blocks. 


FERRULE ~ 
NUT 


Cutaway shows how vibration is damped by the rear bevel of the 
ferrule. Note how it grips the tube. This prevents stresses at the double seal 
and assures a leakproof connection. The nut also helps support the tube. 
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GOT THE SHAKES? 





Solve your tube vibration problems with 
leakproof Parker Ferulok flareless fittings 


This machine shakes from stem to stern. Because 
of the extreme vibration, maintenance of hydrau- 
lic lines was a big problem until the design was 


bevel of the ferrule grips the tube. This damps 
vibration and prevents stresses from concentrat- 
ing at the line of “bite”. 





Caer ad 


changed to specify Parker Feru/ok flareless Parker Feruzlok flareless fittings are designed ' 
fittings. Since then the manufacturer has not had __ especially for high-pressure, heavy-wall tubing. : 
a single call for hydraulic line maintenance  Ferulok are the fittings that conform with the new 4 
nor received any customer complaints. S.A.E. Hydraulic Flareless Tube Fittings Standard. 

Here’s what makes Feru/ok flareless fittings Of course, they also meet J.I.C. Hydraulic : 
leakproof on such critical applications: Standards for flareless fittings. 

These flareless steel fittings have a double seal. You have no assembly problems when you ‘ 
Wedging action of the ferrule, when drawn specify Parker Ferulok. Simply use a wrench; no 


down by the nut, forms a seal between body and 
ferrule. The cutting edge of the ferrule “bites” 
into the outer surface of the tube, forming a 
second positive seal. Self-centering action as- 
sures an even “bite” around the circumference 
of the tube. The extent of the bite at the cut- 
ting edge of the ferrule is completely visible 
when the fitting is taken apart. 

Vibration won’t break these seals. The rear 


special tools are needed. 

Why not specify Parker Feru/ok flareless fittings 
for your heavy-wall tubing applications? We now 
offer a greatly expanded Feru/ok line with a com- 
plete range of body shapes and sizes for tubing 
through 2 inches, outside diameter. 

TUBE AND Hose FittinGs Divison 


The Parker Appliance Company 
17325 Euclid Avenue, Cleveland 12, Ohio 


arker 


Hydraulic and fluid 
system components 


THE PARKER APPLIANCE COMPANY 
Section 401-K 

17325 Euclid Avenue 

Cleveland 12, Ohio 


(7) Please rush Parker fittings catalog No. 4300 
(] Information about the following products: 




















NAME TITLE 
COMPANY 

ADDRESS. 

CITY STATE 
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Send for catalog of complete information about Parker 
tube fittings. If you’d like to know about Parker products, 
please list them on the coupon or write to the above address. 


What other Parker products for hydraulic and fluid sys- 
tems interest you? Triple-lok flare fittings? Hydraulic control 
valves? Synthetic rubber O-rings? Any other Parker products? 
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TO BE KNOWN 
BY THE COMPANY 
WE KEEP? 





GENERAL GB ELECTRIC : 


Used Laminum Shims for 20 years 


~orain 


Used Laminum shims for. 25 years 


auhesie 
as6. & & Pat. Ore 


Used Laminum shims for 37 years. 





Used Laminum Shims 
for 15 years 








Used Laminum. Shims 


"tor 29 years: age 5, 








Used Laminum shims for 20 years” 





Send for free catalog 
ae Here are a few of our older 

No obligation. 
customers — who with hundreds 
of other companies use the 
Tole} folgele) Melee igeli-m Meluliilelicte 
Shim method to gain exact fit 
and save time in assembly... 
and at the same time gain a 
‘“built-in’’ adjustment for serv 
ice wear. Get the full story 


find out why so many design 





leaders specify 


Laminated Shims! 


SHIM HEADQUARTERS 
SINCE 1913 


2 
Check our Stampings Division 


© LAMINATED © 


SHIM 





— for short run or 


ae 
high production stampings. 





© COMPANY, INC. O 


g — as] 























1212 UNION STREET @ GLENBROOK, CONNECTICUT 
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(Continued from Page 289) 
switch and carries no current. All 
live metal parts are shielded. The 
unit can be mounted in any posi- 
tion and can be used to hold sur- 
face temperatures on heated plas- 
tic dies, melting pots, etc., or as a 
limit switch or alarm to control 
overheating. Setting to any tem- 
perature up to 550 F is accom- 
plished by rotating a self-locking 





adjustment screw which provides 
close adjustment. An adjustment 
shaft and knob can be provided 
when variable temperature control 
is desired. Operating parts are 
made of heat-resisting alloy metals, 
insulated with mica. Contacts are 
heavy-duty heat-dissipating elec- 
trolytic silver. Rated at 1500 w, 
115-230 v ac, models HS and HK 
measure 24 x % x \%-in. high 
and 2% x % x %-in. high, re- 
spectively. Made by George Ulanet 
Co., 416 Market St., Newark 5, N. J. 
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Hydraulic Springs 


Up to 6000 and 8500 lb spring 
force can be provided in a relatively 
small space by Wales Hydra 


springs. They utilize the compres- 
sibility 


of fluids called Wales 
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Compact, shock-proof, and moisture-proof, 

this Brown & Sharpe Gage Head Cartridge 

No. 953 gives you a simple means for designing 
high precision into your own gaging fixtures. 
Readings in .0001” to .00001” are taken on the 
No. 950 Electronic Amplifier. Simply plug 

the cartridge into the amplifier. You take readings 
directly from the amplifier’s accurately graduated 
dial . .. only one master required for setting. 
And you can design cartridges into several 
fixtures and use the same amplifier on all of them. 





The unique design of the cartridge provides 
simple adjustment, frictionless movement, 
adjustable measuring pressure, and wide 
adaptability to many inspection devices, jigs, 
fixtures, and machines. Write for detailed 
“>. Bulletin. Brown & Sharpe Mfg. Co., 
‘Providence 1, R. I., U. S. A. 





fown & Sharpe \"° 


MACHINE DESIGN—December 1953 293 





No. 2-Precision Operations in the Manufacture of ACME Chains | 


New Parts 





Comproils. Springs measure 21,-in. 
diameter by 414-in. long and pro- 
duce as much spring force as a 
6-in. diameter by 8-in. long railroad 
car spring with 1\%-in. wire. Force 
and stroke can be adjusted by 
changing pre-loads or volumes or 
types of Comproils. Units are self- 
contained, preloaded and can be 
dampened and adjusted in place. 
Made by Wales-Strippit Corp., Hy- 
dra Spring Div., 345 Payne Ave., 
North Tonawanda, N. Y. 
For more data circle MD-111, Page 269 


| Steel Caster 


Battery of special case-carburizing and 
hardening furnaces impart an extremely 
hard wearing surface on Acme Chain 
pins and bushings to render longer and 
higher degree of service. 


MODERN 
MANUFACTURING ("1 (@:/ METHODS MAKE 


ACME CHAINS 


TOUGH and ENDURING 


ACME Chains are designed and engineered to deliver positive 
power transmission and perform each specific job with maxi- 
mum efficiency and economy. Sprocket ratio, chain impact, 
tension, drive speed and other factors are determined, not on 
the drawing board alone, but in the field where ACME engineers 
observe and test chains at work while new equipment is being 
designed. In that way, ACME Chains are made to deliver posi- 
tive power transmission with economy and dependability under 
all loads at all times. 

ACME Engineers are constantly at your service — just write 
or phone Holyoke 2-9458. 


%, see mae 
7 eae ee 
{leme 
‘oul 


Write Dept. 6C 

for new illustrated 

76 page catalog on 

use and application HOLYOKE 

of roller chains and MASSACHUSETTS 
sprockets. 
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Form-Forged caster has double 
ball bearing race for quiet, easy 
swiveling. Raceways are fully case- 
hardened, and the kingpin is extra 
heavy. Structurally shaped of 
heavy gage steel the caster with- 
stands heavy loads in rough and 


rugged service. Made in 5, 6, 8 
and 10-in. sizes, with semi-steel, 
forged steel or rubber tread wheels, 
it has a load rating of up to 1500 
Ib and is available in either swivel 
or rigid types. Made by Bassick 
Co., 437 Howard Ave., Bridgeport 


2, Conn. 
For more data circle MD-112, Page 269 


Rotary Cam Limit Switch 


Adjustable during operation, this 
switch features fine adjustment 
which is made by setting a thumb- 
screw on the outside of the hous- 
ing. The large diameter swept by 
the cam faces offers added adjust- 
ment sensitivity. At the point of 
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Here’s why 


XX 

b 
uniformly retained over a longer 
period of time than those of any other 
solenoid. 


Double shading coils produce extreme 
quietness and high sealing pull. 


@ The low cost of Soreng Solenoids 
results from the application of spe- 
cially developed, quality techniques 
on mass production products. 


Soreng Solenoids deliver more pull 


where needed with the power drop- 
off of conventional solenoids elim- 
inated. 


Electro-mechanical characteristics are 


Coils are wound on one-piece Bake- 
lite bobbins delivering positive insu- 
lation from the frame. Moisture is 
sealed out with vacuum impregnation 
of the coils. 


As you can judge from the above features, a lot of keenly 
specialized engineering talent went into the basic design 
of Soreng Solenoids. This engineering reservoir is avail- 
able to you whenever you have a design problem involv- 
ing electrically actuated movement. If your problem 
isn’t immediate, we’d still like you to have a copy of 
Solenoid Bulletin CF-124. 


, PRODUCTS CORPORATION 
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Low first cost—long service life... 
that sums it up for Hotpoint as well 
as most other leading appliance 
manufacturers. Sure, we know “low 
cost—long life” is an old record, 

but Soreng plays it with a new needle. 
That ‘‘needle” is made up of the 
exclusive advantages of Soreng 
Solenoids. For instance... 


Type E12800A 


Type 2712130 


Son 
| lY 


ce 








LORD MOUNTINGS * 









F OR more than a quarter century Lord Head- 
quarters for Vibration Control have designed 
and manufactured bonded-rubber mountings to 
protect vital aircraft components from vibration 
and shock . . . to improve the overall operation 
of aircraft . . . to contribute to passenger and 
crew comfort. Among the many well known 
Lord Mountings in the Aviation Industry are 
(1) Dynafocal Engine Suspensions (2) Instru- 
ment Panel Mountings (3) Antennae and Elec- 
tronic Equipment Mountings (4) Cowl Mount- 
ings (5) Actuator Attachment Mountings. There 
are many others. 

We invite you to take advantage of Lord 
experience in vibration control . . 
maintenance cost savings effected by Lord Core 
Renewal Service on Dynafocal Suspensions. 


DAYTON 2, OHIO DETROIT 2, MICH. 
410 West First Street 311 Curtis Bidg. 
CHICAGO 11, ML. CLEVELAND 15, OHIO 
520 N. Michigan Ave. 811 Hanna Building 
PHILADELPHIA 7, PENNA. 
725 Widener Building 


BURBANK, CALIF. 
233 South Third Street 
NEW YORK 16, N. Y. 
280 Madison Avenue 

DALLAS, TEXAS 
413 Fidelity Union Life Building 





. Ask about” 






New Parts 





adjustment of the thumbscrew, one 
degree is equivalent to about \%-in. 
of adjustment. Double-break snap 
switches permit accurate timing at 
the moment of contact. Make and 
break can be timed independently 
so that the circuit to be controlled 
can be closed from a fraction of a 

































second to nearly a complete ma- 
chine cycle. The switch operates 
in either direction of rotation. Two 
sizes are available, holding 12 cams, 
or up to 22 cams. Developed to 
meet the needs of mechanical press 
automation devices, the switch per- 
mits stroking of the press while in- 
dividual switches are being adjust- 
ed. Made by Danly Machine Spe- 
cialties Inc., 2100 S. Laramie Ave., 
Chicago 50, Ill. 


For more data circle MD-113, Page 269 


Commercial Bearing 


Commercial bearing, identified as 
CS 3258, for use in washing ma- 
chines, farm equipment, small elec- 
tric motors and other applications 
where speed and load are moderate, 
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You’re looking behind the scenes at the American Loco- 
motive Company, Ordnance Division, Schenectady, New 
York. 

The prints you see streaming from the processing ma- 
chine are positive photographic reproductions of M47 tank 
drawings. They're produced without a negative step... 
and under ordinary room light. 

This fast, low-cost operation enables the Ordnance Divi- 
sion to protect thousands of M47 drawings against expen- 
sive wear and tear. For the drawings are filed away after 
the Autopositives are made. Then, because the engineering 
department of the Ordnance Division holds the design con- 
tract for the M47, these highly legible and durable inter- 
mediates are used to produce all the quantity prints 
required by the 29 manufacturers and government agencies 
involved in the distribution of engineering changes on the 
M47 tank. 


These Kodagraph Autopositive Intermediates 






LFOCUce 
Laver prina7?s 


These Kodagraph Autopositive intermediates, used in place 
of the valuable original drawings, produce sharp, legible 
blueprints or direct-process prints time after time. Their 
dense photographic black lines—on an evenly translucent 
paper base—will not smear or lose density . . . which sim- 
plifies print production and eliminates reading errors and 
bottlenecks all along the line. And another important point 
—Autopositives are photo-lasting in the files... will not turn 
yellow or become brittle. 

Advantages which you will appreciate, too, in your own 
operations. And, remember, this is only part of the Auto- 
positive story! 


|<odagraph /\utepestiive Paper 


“‘THE BIG NEW PLUS’’ in engineering drawing reproduction 





, ---——— PAA, COUPER TEBRY o<ccn ccc cnecen en enenanenemaranenanenenenen as 
earn how you, or your i 

local blueprinter, can process EASTMAN KODAK COMPANY 19 

this unique photographic we oes oe Industria! Photographic Division, Rochester 4, New York i 








intermediate paper at low 
cost .. . with existing equip- 
ment; how it is used to 








es | Gentlemen: Please send me a copy of “New Short Cuts and Sav ings”. 
} the many savings Kodagraph Autopositive Paper is bringing to industry. 
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reclaim drawings . . . speed 
design changes in thousands 














of drafting rooms. 
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THE PROBLEM 


DEVELOPING A SENSITIVE 90° CONTROL 


























A manufacturer of analytical balances wanted to provide his equip- 
ment with a vernier slide control which could be operated outside the 
case in which the balance was housed. He found that he could do this 
by mounting a control knob on the side of the case, but by so doing the 
axis of the control knob would be at right angles to the vernier control 
shaft. The problem was how to make the necessary 90° turn with a 
coupling that would have minimum “backlash” and would still be easy 
to assemble. He found the answer in — 


THE LOW-COST SOLUTION 


AN S.S.WHITE REMOTE CONTROL FLEXIBLE SHAFT 











As shown by the drawing at the 
left a single, easily installed .130” 
diameter shaft was all that was 


VERNIER 
SLIDE 








a needed. This shaft has negligible 
deflection characteristics and met 

Ee SSS : gee 
ssaume all requirements of the application 


FLEXIBLE 
SHAFT 


— 


including sensitivity, simplicity 
and low cost. Why not discuss 
your remote control problems with 
S.S.White engineers. They can 
suggest many ways in which flex- 
ible shafts can be used to reduce 
costs and improve product design. 























Send for the Flexible Shaft Handbook 


It bas full information on flexible shaft selection and 
application. A free copy will be sent if you write for it 
direct to us on your business letterhead. 


One 
a SP INDUSTRIAL DIVISION 
DENTAL MFG. CO. BY Dept. 4, 10 East 40th St. 


NEW YORK 16, N. Y. 
Western District Office * Times Building, Long Beach, California 














New Parts 





has carburized and hardened race- 
ways, ground surfaces and a mold- 
ed plastic seal. Bearing is available 
in English or Metric sizes, with 
sizes ranging from % to 2.047-in. 
OD and bores from 3/16 to 1 in., 
with or without plastic seals and/ 
or metallic shields. Up to 75 per 
cent of the load rating of a com- 
parable precision bearing at 10,000 
rpm is possible, depending upon 
materials specified. Made by Schatz 
Mfg. Co., 6762 Fairview Ave., 
Poughkeepsie, N. Y. 


For more data circle MD-114, Page 269 


Magnetic Amplifier 
Model M-22 stable push-pull 


magnetic amplifier has practically 
zero drift and an input impedance 
of 5, 25, 50 and 100 ohms. Sig- 
nals of 0 to 20 millivolts de pro- 
duce a linear output from 0 to 10 
milliamps de into a load of 100 
ohms. Operation is over tempera- 
ture range from —50 to 70 C. The 
60-cps model measures 2 x 2 x 2%4 
in., and 400-cps model is 144 x 1% 
x 2in. Made by Magnetic Controls 
Inc., 119 W. 63rd St., New York 
23, N. Y. 


For more data circle MD-115, Page 269 


Heavy-Duty Engine 


Delivering up to 26.8 hp at 3600 
rpm, K-660 heavy duty gasoline en- 
gine is four-cycle, air-cooled, op- 
posed-twin type. It weighs 225 lb, 
and standard equipment includes 
heavy duty muffler, diaphragm type 
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There are 2 basic types of Maxitorg clutches . . . Single and Double. 
Above is a cut-away view of the single type . . . the double is shown 
at right. Each is available in 8 capacities (wet or dry) from 4 to 
15 h.p. @ 100 r.p.m. And from 13 to 788 max. working torque 
ft. Ibs. Pulley type, Ring type, or Cut-off Coupling Driving Cups 
are also available. 


The Maxitorq automatic overload release clutch (up to 5 h.p.) 
is extremely useful for protection of machine and product against 
accidental overload in high speed production. Special bulletin 
on request. 


Send for Catalog No. MD-12 


ALL ASSEMBLY, DISASSEMBLY AND ADJUSTMENTS 


We hope you haven’t minded turning this magazine around, but it was 
the only proper way to include the picture at the bottom. It clearly 
shows all parts of a single Maxitorq Clutch...and how easy it is to 
adjust it, take it apart, and assemble it...manually. 


Each and every part contributes to smooth, positive, trouble-free clutch 
operation. The Separator Springs between each pair of inner discs keep 
them “floating” in neutral...preventing drag, abrasion, and heat. A 
Locking Plate locks all discs against the tension ‘of the Separator 
Springs. The Adjusting Ring provides the means for obtaining the 
desired shifting pressure. 


These are. some of the reasons why we counted 69 machines, exhibited 
at the last Machine Tool Show, that were equipped with Maxitorq float- 
ing disc clutches. Send for our 50th Anniversary Catalog...and see how 
Maxitorq answers your problems for dependable power transmission. 


THE CARLYLE JOHNSON MACHINE CO. 
MANCHESTER, CONNECTICUT 


Compact, rugged construction and pre- 
cise machining... flat, true surfaces on 
engaging faces of the discs... provide 
not only the exacting accuracy required 
in important industrial machines, but 
also long, profitable service life. 

Our engineers will give you personal 
assistance for correct selection of the 
right clutch and installation for your 
specific requirement. 


ARE MANUAL. CLUTCHES SHIPPED ASSEMBLED ON THE BODY. 
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154 varied applications of 
molybdenum sulfide im the 
shop and in the field are de- 
scribed in a new booklet now 
available. This solid-film lubri- 
cant has demonstrated unique 
anti-friction properties under 
conditions of extreme pressure, 
high velocity, elevated tem- 
perature, or chemical attack. 


The 40-page booklet contains 
the records of solved lubrica- 
tion problems — some might 
solve your own. 


Moly-sulfide 


A LITTLE DOES A LOT 





The lubricant 
for extreme conditions 


Climax Molybdenum Company 


500 Fifth Avenue 


New York City 36N Y 
Please send me your Free Booklet 
on Moly-sulfide 









New Parts 





fuel pump, oil bath air cleaner and 
oil pressure gage. Air cooling sys- 
tem is designed to keep engine at 
correct operating temperature un- 
der all conditions. Governor is an 
externally mounted precision oil- 
bathed flyweight type, and is ad- 
justed at 3000 rpm with load unless 


otherwise specified. Made by Koh- | 


ler Co., Kohler, Wis. 


For more data circle MD-116, Page 269 


Snap-In Electric Units 


Diamond H Snap-In switches, 
outlets, pilot lights and intercon- 
necting load plugs are now avail- 
able with spade terminals for A- 
MP Quick Connect connectors as 
well as with standard screw ter- 
minals. Applicable to a wide range 
of electric equipment, appliances 





the devices are 
pushed into mounting holes where 
spring clips hold them firmly in 
place. Wiring is accomplished rap- 


and machines, 


idly. Switches are rated 15 and 
20 amp, 125 v; 10 amp, 250 v ac, 
and are also available with horse- 
power ratings. Pilots are rated 
115 or 230 v ac. Made by Hart 
Mfg. Co., 110 Bartholomew Ave., 
Hartford, Conn. 


For more data circle MD-117, Page 269 


Industrial Enamel 


Emulsion type enamel employs 
water as both an ingredient and a 
reducing agent. It is nonflammable 
at normal room or operating tem- 
peratures, even if exposed to direct 
flame. The finish is not water sol- 
uble after application and is highly 













metals ? 





| 
| need information on 
| 
| 
| 


reach for your Product Design File 












































“...@ great time-saver” 


These manufacturers’ catalogs 
are instantly available in Section 
1A of your Product Design File: 





Allegheny Ludium Steel Corp. 
Aluminum Co. of America 
Ampco Metal, Inc. 
Apollo Metals Works 
Armco Stee! Corp. 
Babcock & Wilcox Co. 
Baker & Co. 
Beryllium Corp 
Bethiehem Steel Co. 
Bishop, J., & Co. 
Brooks & Perkins, Inc. 
Bundy Tubing Co 
Carpenter Steel Co 
Stainless steel 
steel tubing 
Dow Chemical Co. 
Fairmont Aluminum Co. 
General Electric Co. 
Globe Steel Tubes Co. 
Great Lakes Steel Corp 
N-A-X Alloy Div. 
Harvey Machine Co. 
International Nickel Co 


Jones & Laughlin Steel Corp. 
Kaiser Aluminum & 

Chemical Sales inc 
Michigan Stee! Tube 

Products Co. 

Mueller Brass Co. 

Ohio Seamiess Tube Co. 
Republic Steel Corp. 
Republic Stee! Corp. 

Steel & Tubes Div. 
Revere Copper & Brass Inc. | 
Reynolds Metals Co. 
Rigidized Metals Corp. 
Rochester Products Div. 

General Motors Corp. 
Rodney Metals, Inc. 

Sharon Steel Corp. | 
Standard Tube Co. 
Superior Tube Co 

U. S. Steel Corp. 
Washington Steel Corp 
Weirton Steel Co. 
Werner, R. D., Co 








| 


~ 


In other sections of the File you 
will find additional catalogs 
containing useful information on 
product forms, characteristics, 
performance and use. 


Sweet’s Catalog Service 


Division of 

F. W. Dodge Corporation 
119 West 40th Street, 
New York 18, N. Y. 
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@ Purolator makes oil filters for a prominent auto maker. They’re 
top-notch filters that do a tough job well. Purolator and the car 
manufacturer are both proud of them. 

Not long ago an RB&W “fastener engineer” got loose in the 
Purolator plant—just when company production executives were 
looking for a way to lick rising costs. He noticed that the Purol- 
ator filter was being assembled with a two-piece fastener made 
slowly and laboriously on a screw machine. 

Our man told the Purolator people about RB&W’s batteries 
of cold-forming machines. Purolator wanted to know more. Now 
their filter is assembled with a one-piece RB&W fastener that 
costs far less to make and assemble. 

Chances are you can find a stage in your operations where 
RB&W*< fastener engineering” can help you keep costs in line. As 
a leading manufacturer of all kinds of fasteners, we’re always 
able to recommend and supply the right ones for all your needs. 
Write RUSSELL, BURDSALL & WARD BOLT AND NUT COMPANY, 
Port Chester, N. Y. 


& W 





Plants at: PORT CHESTER, N. Y., CORAOPOLIS, PA., ROCK FALLS, ILL., LOS ANGELES, CALIF. Additional sales offices at: PHILADELPHIA, PITTSBURGH, 
DETROIT, CHICAGO, DALLAS, SAN FRANCISCO. Sales agents af: PORTLAND, SEATTLE. Distributors from coast to coast. 
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Heres where Purolator screened out riging costs 





108 YEARS MAKING STRONG THE THINGS THAT MAKE AMERICA STRONG 


WS abi. 
































a es 
EASIER, FASTER ASSEMBLY undercut high costs when Purol- 
ator switched from a two-piece fastener (right) to an 
RB&W-designed cold-formed fastener (left) for its fa- 
mous oil filter. 
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Cork-and-rubber tape gives 
calculators a non-slip base 


Adding machines and other light office machines tend to slide 
around on polished desk tops. To prevent this, manufacturers put 
strips of Armstrong’s DK-153 Tape on the bases of their machines. 

DK-153 Tape’s cork-and-rubber composition has a high-friction 
surface that prevents unwanted slipping. A pressure-sensitive ad- 
hesive on the back makes DK-153 easy to apply on assembly 
lines. You just peel off the cloth backing and press the tape into 
place. The adhesive keeps it there. 

This versatile tape has hundreds of uses—cushioning break- 
able parts and machined finishes in shipment; stopping metal-to- 
metal squeaks in bus and car bodies; sealing and cushioning glass- 
to-metal contacts in parking meters. 

You can get Armstrong’s DK-153 Tape in a wide variety of 
widths and thicknesses, and in sheets, rolls, ribbons, or die-cut 
shapes. For samples, write on your letterhead to Armstrong Cork 
Company, Industrial Division, 


7312 Dean Street, 
Lancaster, Penna. ‘@B) 
Available for export. 


By ARMSTRONG’S |" 
DK-153 TAPE 





Cork-and-rubber 








#, 
/ } Tacky adhesive 









































New Parts 





resistant to oil. Producing a high 
gloss finish, the enamel is formu- 
lated for either dip or spray appli- 
cation. Coated parts are air dried 
for 20 minutes, then baked for ap- 
proximately 18 minutes at about 
300 F. Industrial units coated with 
the enamel can be machined or 
fabricated without damage to the 
finish or the cutting tools. Avail- 
able at present in black only, it will 
also be produced in colors. Made 
by Sherwin-Williams Co., Cleveland 
1, O. 

For more data circle MD-118, Page 269 


Delay Relays 


Hermetically sealed miniature 
delay relays are not affected by 
altitude or humidity variation, 
withstand vibration, and are avail- 
able with delays from 2 to 90 sec- 
onds. They can be supplied for 











all standard heater voltages and 
have contact rating of 2 amp on 
115-v noninductive ac. They are 
ambient compensated for tempera- 
tures from —50 to 70 C. Made 
by Amperite Co. Inc., 561 Broad- 
way, New York 12, N. Y. 


For more data circle MD-119, Page 269 


Bearing Alloy 


Combining impact resistance and 
hardness, Frix bearing overlay ma- 
terial in electrode form is said to 
show wear resistance several times 
greater than that of conventional 
bronze welding rods or electrodes 
after a short heat treatment. It is 
a mixture of a soft mass with em- 
bedded crystals of wear resistant 
copper alloy. Deposits also pos- 
sess elasticity and _ lubricating 
properties provided by lower melt- 
ing point alloys included in the 
formulation. Film-like deposit can 
be heated to form an integrated 
bearing. Frix is made in range of 
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New Parts 





sizes by Eutectic Welding Alloys 
Corp., 40-40 172 St., Flushing, N. Y. 


For more data circle MD-120, Page 269 


Locking Screws and Bolts 


Holtite-Nylok one-piece _ self- 
locking screws and bolts employ a 
nylon insert which conforms to 
the curvature of the screw threads 
to provide a locking action when 
stopped. Locking seated or un- 
seated, the reusable screws and 
bolts act as a seal for gases or 




















liquids, do not harm mating thread 
of parts, resist vibration and can 
be used on such soft metals as 
aluminum and die castings without 
damaging them. They can be used 
at temperatures from —50 to 250 
F. Photo shows nylon plug (A) 
which sets up lateral thrust to 
smoothly wedge mating threads to- 
gether (B). Made by Continental 
Screw Co., New Bedford, Mass. 


For more data circle MD-121, Page 269 


Plastic-Metal Laminate 


Made by rolling rigid or semi-rig- 
id Marvinol vinyl sheet onto heated 
metal to which a special adhesive 
coating has been applied, Marvinol- 
Metal laminate has higher abra- 
sion resistance than varnish, paint 
and baked enamel finishes. The 
laminate can be sheared, drilled or 
punched without chipping. Crimp 
rolls, 90-degree crimp bends, 180- 
degree bends and deep draws can 

(Continued on Page 308) 
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Check the features of this new line of 
multiple plate clutches: Integral oil cyl- 
inder clamps plate stack, automatically 
maintaining constant torque . . . elimi- 
nating all need for adjustment. High 
torque capacity—directly proportionate 
to oil pressure—permits use of smaller, 
more compact clutch. Readily adaptable 
to remote control, thus eliminating com- 
plicated actuating linkage. 

That's the performance you'll get from 
the new Twin Disc Model MOS (single) 
or MOD (duplex) Oil-Actuated Multiple 
Plate Clutch. 

Write for complete information. 


Model MOD (duplex) Oil-Actuated Mul- 
fiple Plate Clutch—cutaway view shows 
integral oil-cylinder. Also available in 
Model MOS (single). 


































© higher, more 
constant torque 
® no 
adjustments 
® more 
compactness 
@ push-button 


control 
at less cost 


a 
Twil 4 


authed 13 1) yyORAULIC DRIVES 






{ Disc | 
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TWIN DISC CLUTCH COMPANY, Racine, Wisconsin 


BRANCHES: 


CLEVELAND © DALLAS + DETROIT + LOS ANGELES - MEWARE + 














e HYDRAULIC DIVISION, Rockford, Illinois 


MEW ORLEANS « SEATTLE + TULSA 
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This is the “L”-shaped die cast unit just as it 
comes from Doehler-Jarvis machines. It is 5” x5” 
on the long sides, 242” on the four short sides 
and is %” thick. Prior to Base assembly at the 
Blatchford plant, flash is removed from the 
edges, and top and bottom are shaved slightly. 
No other finishing is needed... thanks to 
Doehler-Jarvis die-casting methods. 
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Here is a complete Blatchford “Honeycomb” 
Base with inside chase dimensions of 15” x 20”. 
(Unit assembly of these Bases makes possible 
sizes up to 50” x 75”.) It is made up of 16 of the 
angle blocks held together only by the enormous 
pressure of the chase bars — bolted at the corners 
— that frame the base. Surface of the form must 
be absolutely flat without even a few thousandths 
buckle or warp. Holes must line up precisely. 
Doehler-Jarvis die castings make possible per- 
fect fit and virtually invisible joints in assembly 
of Base units. 





Stonehands position and anchor printing plates 
on the “Honeycomb” Base with special catches 
that fit and expand in the holes. The thin walls 
of the Doehler-Jarvis castings have to be strong 
and solid to withstand both the locking pressure 
and the gripping forces exerted by the catch. 
When the plate mounting is completed, the en- 
tire “locked-up” form goes to the printing press. 


ere’s a honey 



















and here’s how 
Doehler-Jarvis 
perfect this 


Before this intricate section was perfected, E. W. Blatchford 
Co. had to overcome some real production headaches. 


To machine their lightweight “Honeycomb” plate mounting 
system for printers would have been prohibitively costly. They 
would have had to remove 71% of the metal volume in the 
component blocks. And no one could agree on a way to form 
the partial holes along the “block” edges without running up 
rejects and tool breakage. 


Then someone suggested die casting...a production tech- 
nique that was just beginning to get wide attention 35 years 
ago. Die casting proved to be the practical answer but Blatch- 
ford engineers were still not completely satisfied. The behavior 
of the alloy was not always predictable and warpage of the 
“blocks” occasionally caused trouble. 


Then Doehler-Jarvis entered the picture and worked the 
problem over with Blatchford people. 

That did it. Quality went up and product performance im- 
proved. Over the years Doehler-Jarvis cast untold thousands 
of the “honeycomb” units. Printers bought Blatchford “Patent 
Base” like hotcakes...under Blatchford’s 10-year guarantee. 


Then, just a few years ago, Blatchford wanted to make the 
Base even lighter on men, even lighter on power, even lighter 
on presses. Again engineers from both companies joined forces. 
They put several light metal alloys to the toughest of tests. 
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helped Blatchford 
complex component 


A magnesium alloy finally was selected and Doehler-Jarvis 
designed and built a new production die. 


Today, so precise is the Doehler-Jarvis casting technique, 
only 1/10 of an ounce — 1.82% of the as-cast weight — is 
removed in finishing the “Honeycomb” block. The new 
Magnesium Base weighs 72% less than the original Zinc 
Base. Needless to say, it too is winning its battle in the 
market place. 


As one Blatchford executive puts it, “Doehler-Jarvis die 
castings helped get our Base over the hump in the first place, 
helped us stay competitive over the years, then helped us 
give the product a shot in the arm.” 


In its half-century of die-casting, Doehler-Jarvis has 
helped turn good ideas into metal for many producers, large 
and small — among them some of the best known makers of 
automotive, electrical, communication, household, office and 
other types of equipment. 


When they come to Doehler-Jarvis, they know that 
Doehler-Jarvis can supply both the resources and the re- 
sourcefulness they need. 


So next time you have a good new product idea...call 
Doehler- Jarvis in on the production engineering. We may be 
able to give you just the help you need. 
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How would you go about making this magne- 
sium “honeycomb” block, with its partial holes, 


its thin sections, its precis 
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CAMBRIDGE INDUSTRIAL WIRE CLOTH 











| ' 


‘ 





i) si 
WD 





#1. Some manufacturers assign only one operator 
to as many as ten looms. But here at Cambridge, we 
have a specially trained operator for every single 
loom in the plant. Just a little difference . . . but a 
BIG advantage in accurate mesh count and constant 
screen width. 


#2. Some wire cloth producers can work in only a 
certain few metals or in a limited range of mesh 
sizes. Here at Cambridge we can weave cloth from 
any metal that can be drawn into wire. ..our range of 
sizes runs from 20 x 250 mesh up to 4 inch openings 
..a BIG advantage for customers with varied needs. 


#3. Some manufacturers are not equipped to fabri- 
cate wire cloth into special forms, for example, filter 
leaves. But here at Cambridge, we can supply wire 
cloth in bulk or in practically any type of fabricated 
part ...aBIG advantage that saves you time and 
money by providing one source for both weaving 
and fabrication. 


These are just a few reasons why it will pay you to investigate 
Cambridge for your wire cloth needs. Call in your Cambridge 
Field Engineer to get the full story . . . and he'll gladly quote 
on your next order. Write direct or look under “Wire Cloth” 


in your classified telephone book. 


FREE CATALOG! Gives full range of mesh sizes and types of 
cloth available from Cambridge, also valuable / _ 
metallurgical data. Write for your copy today. | ——=— 


The Cambridge Wire Cloth Co. 
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New Parts 





(Continued from Page 305) 
be made without damaging the 
coating. Tests indicate adhesion 
in excess of 40 lb per sq in. of 
width. Cold-rolled steel, hot-rolled 
pickled steel and aluminum, from 
18 to 34 gage, have been used; 
thickness of vinyl used ranges 
from 0.002 to 0.02-in. Available 
in colors, the vinyl can be applied 
to metal for use in machine hous- 
ings; corrosion resistant chemical 
containers, piping and ducts; truck 
and trailer body panels and furni- 
ture. Developed by Naugatuck 
Chemical Div., United States Rub- 
ber Co., Rockefeller Center, New 
York 20, N. Y. 

For more data circle MD-122, Page 269 


Time Delay Relays 


Applicable to control circuits re- 
quiring two time delay steps or 
momentary impulses, NET Aga- 
stat relays incorporate an adjust- 
able auxiliary switch. Overall 
time delay is adjustable from 0.1 
second to 10 minutes or more, and 
auxiliary switch can be set to op- 
erate at any time from 0 to 15 sec- 
onds after the start of the overall 
period. Four models are available: 
No. 11 and 12 are single-pole, 
double-throw, double-break, and 
No. 21 and.22 double-pole, double- 
throw single-break types. Relay 
switch rating is 15 amp at 115 v 
and auxiliary switch rating is 10 
amp at 115 v. Many different op- 
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Photomicrographs show you why... 


We start with top quality, specially 
tanned leather for maximum wear re- 
sistance (see 240 times magnified 
cross-section above) 


‘Sealing the tiny pores of leather with pliable 
rubber makes the difference. It’s a Houghton 
development that combines the best features of 
both leather and rubber packings—the strength 
and long life of leather and the non-porosity 
and resilience of rubber. In applications where 
resistance to oils, solvents and heat is de- 
manded, Houghton rubber-impregnated VIM 
Leather Packings are the answer! Get com- _.. then impregnate it thoroughly with 
plete information. Ask the Houghton Man for ihe right synthetic rubmer to progwes 
latest data or write to E. F. Houghton & Co., sss dics tomar dnt ae tae 
303 W. Lehigh Avenue, Philadelphia 33, Pa. areas in cross-section—penetrates all 


the way through the heart of the leather 
packing) 


GET THIS “PACKING STANDARDS” BOOK! 

Latest edition of this Houghton publication 

—accepted as standard by industry—will 
> be mailed without cost to you. 


VIM and VIX-SYN PACKINGS 


--- products of 


Ready to give you 


on-the-job service . . . 
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MECHANICAL 


Engineers 


For research and development 
of electromechanical radar and 
computing equipment. 


Significant advancements 
in the fields of airborne radar and 
fire control systems are requiring further applications 
of electromechanical techniques in the 
Hughes Radar Laboratory. 


The company 


Hughes Research and Development Laboratories, 
located in Southern California, form one of the nation’s 
leading electronics organizations. The Laboratories are 
presently engaged in the development of advanced 
electronic systems and devices which are produced 

by the Hughes manufacturing divisions. 


Areas of work 


The work calls for devising reliable, 

maintainable, manufacturable designs for 

precision equipment developed in the Hughes 

Radar Laboratory. The equipment consists of 
mechanical, electronic and microwave devices and 
systems to be manufactured in quantity. The equipment 
designs require the use of such advanced techniques as 
subminiaturization, unitized “plug-in” construction, 
with emphasis on design for volume production. 
Knowledge of electronic components, materials, 
finishes and specifications is useful. 


The future 


Engineers experienced in the field of 
electromechanical design for procuction 

or those interested in entering this field will 

find outlets for their abilities and imagination in 
these activity areas. New electromechanical techniques 
are Opening new applications for airborne electronic 
equipment. Hughes engineers will have the full 

benefit of working experience in these 

fundamental developments. 


Assurance is required 
that relocation of the applicant 
will not cause the disruption of an urgent 
military project. 


Scientific and Engineering Staff 


Hughes 


Research and Development Laboratories 
Culver City, Los Angeles County, California 


New Parts 





erations, from momentary impulses 
to complex delay-contact  se- 
quences, are possible. Made by 
A’G’A Div., Elastic Stop Nut Corp. 
of America, 1027 Newark Ave., 
Elizabeth, N. J. 


For more data circle MD-123, Page 269 


Tanks 


The tanks illustrated are a few 
of many styles that can be made 
to special requirements of 14 to 
18-gage steel in sizes ranging from 
1 to 150 gallons. Features frequent- 
ly included are baffles, settling and 
collecting trays, baskets, filter 





screens, hinged covers, shelves, cov- 
ers with safety devices, casters, 


etc. Standard designs also are 
available. Typical applications in- 
clude coolant and filtering systems, 
degreasing, soaking and dipping, 
oiling systems, hydraulic systems, 
and others. Made by Graymills 
Corp., Dept. C, 3705 North Lincoln 
Ave., Chicago 13, Il. 


For more data circle MD-124, Page 269 


Relief Valve 


Metallic diaphragm of Model 
RD-10280 isobaric relief valve bal- 
ances out the effect of atmospheric 
pressure so that the valve opens 
at exact preset system pressure 
under conditions of varying alti- 
tude. The diaphragm withstands 


temperature from —65 to 165 F. 
With only one connection to the 
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Waldes Truarc Ring Replaces Nut and Washer 
...Cuts Costs $5.28 Per M...Speeds Assembly by 50% 





OLD WAY. Main shaft required costly threading. Assembly was TRUARC WAY. truarc Retaining Ring snaps quickly and simply 


slowed by the double application of washer and nut and time-con- 


suming tightening operation. 





NEW DESIGN USING WALDES TRUARC RING 
PERMITTED THESE SAVINGS 


OLD WAY 
Cost of Nut....... $10.00 per thousand 
Cost of Washer..... 3.80 “ - 
Labor for Threading... 2.00 ” 
Assembly ........ 3.00 “” sa 


TOTAL $18.80 


TRUARC WAY 


Cost of Truarc Ring and 
Grooving Operation. . $11.52 per thousand 


Assembly ........ 2.00 ” 
TOTAL $13.52 











over shaft. Lock assembly is secured in one fast operation. Virtually 
all play is eliminated from lock. 


J. Chesler and Sons, Inc., Brooklyn, N.Y., manufacturers of the pre- 
assembled “Reddi-Mount” cylindrical lockset, uses a single Waldes 
Truarc Retaining Ring instead of an old fashioned nut and washer 
to secure the entire assembly of their lock. This new, improved 
fastening method enables Chesler to eliminate costly threading... 
save money on material ... speed assembly time by 50% and pro- 
duce an improved, more durable product. 


You, too, can save money with Truarc Rings. Wherever you use 
machined shoulders, bolts, snap rings, cotter pins, there’s a Waldes 
Truarc Retaining Ring designed to do a better, more economical 
job. Waldes Truarc Rings are precision-engineered . . . quick and 
easy to assemble and disassemble. 


Find out what Waldes Truarc Retaining Rings can do for you. 
Send your blueprints to Waldes Truarc engineers. 


For precision internal grooving and undercutting...Waldes Truarc Grooving Tool 


aS 
\SEND FOR NEW CATALOG > 


=] 












REG. U. S. PAT. OFF. 


RETAINING RINGS 
WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 


OF THE 


WALDES TRUARC 


AND OTHER PATENTS PENDING. 
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RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OR MORE 
FOLLOWING U.S. PATENTS: 2.362.947: 2.362.948; 2.416.652; 2,426,341; 2.439.785; 2.441.646: 
2,455,165: 2.420.941; 2,483,360: 2.463,363; 2.487.602; 2,467,603; 2,491,306; 2,509,081; 


MD 125 
Waldes Kohinoor, Inc., 47-16 Austel Pl., L.1.C.1,N.Y. 
Please send me the new Waldes Truarc Retaining 
Ring catalog. 
(Please print) 
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. Eliminates needless relays 
. Simplifies wiring layout 


. Conserves panel space 











30-AMPERE TYPE-P 
ROTARY SNAP SWITCH 


In all ESCO rotary 
switches, the make and 
break. actions occur in- 
side the insulating 
phenolic housings of 
the separate switch sec- 
tions. These _ sections 
are ganged to provide 
the required number of 
poles. 


Advantages: ESCO rotary switches combine great versca- 
tility of application with simplicity and ruggedness of design. In 
each individual switch section, a variety of rotor shapes and 
positions is possible. By ganging the required number of such 
sections, an almost unlimited choice of connection and operating 
sequence arrangements is available. 


Ratings: The Type-JR rotary switch is rated at 10 amperes, 
125 volts AC, or 5 amperes, 125 volts DC. The Type-P rotary switch 
— a high-speed snap-action switch — is available in these same 
ratings, and also in heavier designs for 30, 60, 100, or 200 amperes 
at 500 volts AC or 250 volts DC. 


ESCO rotary switches can be furnished to meet the 
latest revised specifications of the Navy Department. 


ELECTRO SWITCH 


CORPORATION 
Weymouth 88, Mass 


ES 


SY 


167 King Avenue, 


. One-point, multiple control 
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New Parts 





| air system, the valve is easily ad- 


| justed for blow-off pressure. Port 


for tube connection is 7/16-20NF- 
3 thread per AND10056, style E. 


| The exhaust opens to ambient air. 


Cracking and reseating of the 
valve are accomplished within 2 
psi of the valve setting. The 
cracking pressure may be set very 


| close to the maintained system 


| pressure 
through the relief valve. 


of air 

Pressure 
range is adjustable from 25 to 40 
psi absolute. The valve weighs 
\,-lb. Made by Lear-Romec Div., 
Lear Inc., Elyria, O. 


For more data circle MD-125, Page 269 


without loss 


Induction Motor 


Model SP-6 shaded pole induc- 
tion motor features a compact gear 
train. Geared to 6 rpm with a 
torque of 20 in.-lb, the motor op- 
erates on 110 v ac, 50/60 cycles 
only. 


Other models are available 





from 1 to 1155 rpm. The compact 
motor measures 434 x 214 x 2 in. 
overall. Uses include actuators, 
electrical appliances, dispensers, 
vending machines. Made by Gen- 
eral Die & Stamping Co., 262 Mott 
St., New York 12, N. Y. 


For more data circle MD-126, Page 269 


Miniature Connectors 


Countersunk side mounting ar- 
rangement makes special miniature 
rectangular two and four-contact 
reverse pin and socket connectors 
adaptable to small equipment. The 
one-pin round connector makes a 
compact and simple one-wire dis- 
connect, can also be used as a dis- 
connect type feed-through or stand- 
off, or can be converted into a 


' small, light and simple coaxial con- 
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New Parts 2 ony th e ht ti 
nector. Four special connectors are | = If S € ri g ! me 
available with mineral-filled Mel- | [& 
amine; Plascon glass fiber rein- : to Investigate the 
forced alkyd, type 440-A; or di- a. i 
allyl phthalate insulation. Con- | & Qualities of 
tacts are silver and gold plated and | = L 

~< 
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America’s largest clock was recently 
rebuilt for a spectacular illuminated 
sign in Chicago. It measures 50 ft. in 
diameter — hands and movement 
weigh 3000 Ibs. The new driveshaft 
was made from 6 ft. of 34-inch 
round ““B” No. 3X heat-treated bar, 
chosen for its machinability as well 
as its high physical properties. 


“B” No. 3X heat-treated bars ma- 
chine more readily and finish more 
smoothly than standard alloys be- 
cause of their particular analysis 
and method of manufacture. They 
cut costs by eliminating distortion, 
scaling, straightening — and often 
grinding — as well as the cost of 
heat-treating finished parts. 

HY-TEN “B” No. 3X bars are used 
for a wide range of applications. A 
trial order will convince you of their 
true economy. Just call your nearest 


S representative. 


SQUARES, 


’ 





normally have solder wells for No. 
20 AWG wire. They are also avail- 
able in standard pin and socket ar- 
rangements from Dedur-Amsco 
Corp., 45-01 Northern Blvd., Long 
Island City 1, N. Y. 


For more data circle MD-127, Page 269 


Control Valve 


Actuated by a piston-type air 
motor, LB series control valves are 
designed to fulfill exacting require- 
ments for accurate, positive and 


Write today for your FREE COPY of the 
Wheelock, Lovejoy Data Book, indicating your 
title and company identification. It contains com- 
plete technical information on grades, applica- 
tions, physical properties, tests, heat treating, etc. 


WHEELOCK, - 152 
LOVEJOY |= 


CAMBRIDGE « CLEVELAND 


SLNIWIYINOIY JONVNILNIVW ONY WOOY 1001 ‘NOILINGOYd YO4 SONIDYOI ANY S13ITI9 





OVER ONE HUNDRED YEARS OF CONTINUOUS SERVICE. ROUNDS 





& ) 0 | PA N | ¥ IN ( - SS 








CINCINNATI 
> ) HY-TEN (4 In Canada ‘ 
SANDERSON- NEWBOULD, LTD., MONTREAI 
sensitive flow control of hard-to- and AISI 
handle fluids and gases. The op- 
erator is capable of positioning re- 
and Cleveland ¢ Chicago ¢ Detreit 
(Continued on Page 318) 133 Sidney St., Cambridge 39, Mass. Hillside, N.J. © Bullfalo © Cincinnati 
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Leland explosion-proof 
ether pump motor. 







Leland explosion-proof 
hose reel motor. 
















Leland repulsion-start, 
induction-run standard 
motor in drip-proof 
open frame provides 
high starting torque 
for many general- 
purpose applications. 


Leland explosion-proof 
gasoline pump motor. 






Leland flange-mounted 
oil burner motor. 


See AMF’s new, exciting television show, “OMNIBUS”, every Sunday. Check local paper for time and channel. 


316 MACHINE DESIGN—December 1953 





MACHINE DESIGN—December 1953 











Look to Zaue/ | 


@ Pioneer developers of 
explosion-proof motors for 


many purposes. 


Leland serves the needs of Original Equip- 
ment Manufacturers...offers them unusually 
close and effective engineering liaison... 
supplies them with motors that are not only 
right for the application, but also extremely 
free of service difficulties. 


Since Leland engineers developed their first 
Underwriters’ approved, explosion-proof 
motor 30 years ago, Leland has consistently 
maintained leadership in this field. Today, 
Leland explosion-proof motors power more 
gasoline dispensing pumps than all other 
makes combined. Low-voltage, battery- 
operated Leland explosion-proof motors 
drive hose-retracting reels on modern airport 


LELAND 


@ Builders of fine motors, 1/6 to 
5 HP—open, enclosed, explosion- 
proof—various electrical types. 





@ Noted for creative engineer- 
ing of electric motors for many 
special applications. 


fueling and crash trucks and on fuel oil 
delivery trucks. Even the ether pump motors 
in many hospitals bear the Leland name on 
their explosion-proof labels. 


Take advantage of Leland’s wide assortment 
of motor types and designs, in the range from 
1/6 to 5 horsepower. Whether you require an 
open, enclosed, or explosion-proof motor, 
you'll find the same high quality and depend- 
ability in a Leland motor as you have 
endeavored to build into your own product. 


For a more detailed picture of Leland’s 
facilities for motoring your products, please 
write for Bulletin 201-B. 


ELECTRIC“ 


DAYTON I, OHIO 


Division of AMERICAN MACHINE & FOUNDRY COMPANY, New York 
In CANADA, Leland Electric Canada, Ltd., Guelph, Ontario 


@ pro ducts 


ARE BETTER... dy Cesign 



















Whiteprinter... °° 


says Dana H. Bennett 


maa 


“Engineers Rate 
the COPYFLEX 93 


as the Top 





Bruning Drafting Room Specialist 


“Yes, wherever I’ve sold a 
COPYFLEX 93 — and I’ve sold plenty 
of them—engineers and draftsmen tell 
me there’s nothing like it for speed- 
ing prints. 

“They find it the finest heavy- 
volume whiteprinter available. And 
they like its continuous high-speed 
production of top quality, dry, ready- 
to-use prints from either sheets or 
roll stock. Its vacuum feed permits 
easy insertion of curled-originals. 


From Pencil to Print, only 
BRUNING has everything 


COPYFLEX Whiteprinters 
Drafting Machines 
Tracing Papers and Cloths 
Surveying Equipment 
Drafting Furniture 
Drawing Instruments 
Sensitized Papers, 
Cloths, Films 
Electric Erasers 
Complete Line of Drafting 
Supplies and Equipment 


CHARLES BRUNING COMPANY, INC., Dept. K123 | 
4700 Montrose Ave., Chicago 41, Ill. 
(CD Please have a Drafting Room Specialist call. i 
(CD Send me free booklets on COPYFLEX. 
[) Show me COPYFLEX in action | 
(no obligation). 
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Sy 
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“On top of this, the ‘93’ needs no 
expensive ventilation or plumbing.” 

From prints to pencils, Bruning- 
trained men like Mr. Bennett can fill 
every drafting requirement. 

You receive “in-person” attention 
to your needs and fast service on all 
kinds of drafting room equipment to 
help you turn out better work in less 
time at lower cost. Send coupon to- 
day for more facts and figures on 
Copyflex. 





MODEL 93 COPYFLEX 


eo 


CL LILTD 


Everything for the Engineer and Draftsman 

















New Parts 





(Continued from Page 315) 


versible venturi type Conoplug ac- 
curately to well over one part in 
1000 of instrument output span. 
Sizes up to and including 4 in. are 
available for series 15, 30, and 60 
body ratings. Both straight 
through and angle valve bodies are 
standard in carbon steel, bronze, 
aluminum, stainless steel, Hastel- 
loy and Durimet. Valves are suit- 
able for services including steam 
and the most corrosive chemical 
conditions at up 2500 psi, 1000 F 
and high vacuums. Made by Cono- 
flow Corp., 2100 Arch St., Phila- 
delphia 3, Pa. 
For more data circle MD-128, Page 269 







Shielded Miniature Bearings 


Series of single and double- 
shielded miniature precision ball 
bearings of both full race and re- 
tainer type construction as small 
as 5/32-in. OD are offered in nine 
sizes. Shields, which are remov- 
able, are recessed to avoid inter- 
ference with shaft shoulders or 
housings, allowing full freedom in 
tolerances. Shields on the outer 


ts 
- c> 
eo @& “ae 


at 





circumference fit into a recess in 
the outer race of the bearing and 
are positively positioned by a re- 
taining snap ring. The inner cir- 
cumference of the shield fits close 
to the shoulder of a relieved land 
on the inner race, permitting a 
clearance of less than 0.002-in. 
Produced in both chrome bearing 
steel and stainless, with all shields 
of stainless steel, the bearings may 
be used in precision mechanisms 
such as miniature blowers and 
small electric moturs and wherever 
lint, dust or other foreign matter 
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FASTEST THING IN FASTENING S® 
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radiant-ray saves 78% with 
Tinnerman SPEED GRIPS" 


Reducing the cost of assembling enclosures to 
Airfoil Finned heaters was a double problem 
for Engineers at Radiant-Ray Radiation, Inc., 
New Britain, Conn. Easier ways of installing 
the units had to be considered also. On both 
counts SPEED GRIP nut retainers turned the 
trick over all other methods! These SPEED Nut 
brand fasteners saved 78% in production time, 
machining costs, and materials . . . permitting the use of less costly 
channel, eliminating punching and tapping of holes on wall hangers, 
and doing away with the longer flange on the expansion cradle hanger. 


Vila, 
riya’ 





One leading contractor has this to say about easier, faster custom- 
fitting and installing: “Adjusting and levelling are now a ‘snap’ for 
us due to these SPEED Grips.” Your Tinnerman representative is 
trained to help you spot savings opportunities like this on your 
product assemblies. See him soon! 
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MORE THAN 86000 SHAPES AND SIZES 





Tinnerman 


SPEED GRIP® 
Nut Retainers... 
snap into place by hand. 
Provide heavy-duty 
fastenings . . . eliminat- 
ing welding, clinching, 
or staking. Reduce ma- 
terials and materials 
handling; ideal for blind 
locations. Complete 
range of sizes available! 











Write today for your “SPEED NUT 
Savings Stories” booklet of typical 
Tinnerman savings to industry: 
TINNERMAN PropuctTs, INC., Box 
6688, Dept. 12, Cleveland 1, Ohio. 
ln Canada: Dominion Fasteners, Lid., 
Hamilton, Ont. In Great Britain: Simmonds 
Aerocessories, Ltd., Treforest, Wales. In 


France: Aerocessoires Simmonds, S.A.— 
7 rue Henri Barbusse, Levallois (Seine). 






























"WE HEARTILY 
RECOMMEND 
LUBRIPIATE 
LtIBRICANTS" 


—says PORTER-CABLE MACHINE CO., 
Leading mfrs. of portable electric tools 


V.. 
“‘LUBRIPLATE reduces drag, per- 


mits easy starting, quiet opera- 
tion and protects our machine parts 
against progressive wear. LUBRIPLATE 
is initially applied to our tools at the 
factory. For futurelubrication by users, 
we secure LUBRIPLATE packed in tubes 
for distribution through our dealers.” 











For nearest LUBRIPLATE distributor, 
see Classified Telephone Directory. 
Send for free 56-page “‘LUBRIPLATE 
DaTA Book”’. . . a valuable treatise on 
lubrication. Write LUBRIPLATE DIvI- 
SION, Fiske Brothers Refining Co., 
Newark 5, N. J. or Toledo 5, Ohio. 


REGARDLESS OF THE SIZE 
AND TYPE OF YOUR MACHIN- 
ery, LUBRIPLATE 
LUBRICANTS WILL IMPROVE 
ITS OPERATION AND REDUCE 
MAINTENANCE COSTS. 
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New Parts 





are present. Made by Miniature 
Precision Bearings Inc., Keene, 
N. H. 


For more data circle MD-129, Page 269 


Miniature Motor 


Measuring 15% in. in diameter, 
2% in. in length and weighing ap- 
proximately 8 oz, this miniature 
motor is rated at 0.002-hp at a 
speed of 6500 rpm. Extremely 
sensitive, it can be controlled by 
the output of two small vacuum 
tubes. Of the split-shunt, revers- 
ible rotation type, drawing maxi- 
mum armature current of 0.8-amp 


he 





from a 28-v line, the unit is capable 
of responding to field currents of 
0.00075-amp. It operates at alti- 
tudes of 50,000 ft and at temper- 
atures as low as —65F. It is un- 
affected by dry, hot, or humid en- 
vironmental conditions. Made by 
General Electric Co., Schenectady 
5, N. Y. 
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Silicone Rubber 


Silastic 50 and Silastic 80 are 
high tensile, high elongation sili- 
cone rubber materials which have 
good compression set characteris- 
tics, are highly resistant to water 
absorption and retain their prop- 
erties at temperatures ranging 
from —80 to 500 F. When cured, 
their respective Shore A _ hard- 
nesses are 50 and 80. White, semi- 
translucent materials that can be 
colored to practically any intensity 
by the use of special coloring pig- 
ments, each is a completely formu- 
lated stock that can be used alone 
to fabricate finished parts. They can 





oe 
Bo 
O WILLOW GROVE 


oa MONTGOMERY CO., PA. 










So round, so accurate, 


cven in minuscule sizes, 
Universal Precisioneered 

Balls fit into your present 
production. By the same 

virtues, they inspire 
“unhatched”’ potentials 


in creative design. 


For high speeds, silent 
operation, and minimal 

torsional resistance, use 
Universal Precisioneered Balls of 


chrome or stainless steel. 


Other Universal Balls in 
standard grades—chrome, 

stainless, bronze, solar 
aluminum and special 

materials—100% inspected, 


individually gauged. 


For special instrument 
applications, we produce 

balls guaranteed accurate 
within .000005’’. 


Universal 
Ball co. 
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THINK. OF 


E USE 


DARKER DIE CASTIN 





Bisenecan BLOWER’S Gyrol Fluid Drive Power Unit is 
another product using Parker Die Castings to achieve greater 
strength while reducing cost. The two rotating elements with 
die cast blades shown at the left transmit the power through 
a vortex of oil. Alloy aluminum is used for light weight and 
high strength. Machining is minimized because the blades 
are die cast accurately and cleanly. Gyrol Fluid Drive units 
are used profitably in giant utilities, steel mills, paper plants, 
automotive and many processing plants. These units effi- 
ciently power many industrial machines—conveyors, cen- 
trifugals, cranes, mixers, winders, spinners and 
others where smooth acceleration, overload 
protection and shock absorption are desirable. 
These die castings by Parker, adding strength, 
cutting weight and minimizing machining costs, 
are vital elements in the top performance of 
Gyrol Fluid Drive units. Call Parker on your 
next die casting requirements. Our engineers 
will work with you to our mutual benefit. 


+ 2153 McKinley Ave. Erie, Penna. 


DA 9 14 iw Diz Ca ~ y Ai, Ie 
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SHOCK - 


VIBRATION - 


OLATION NOTE 





These NEW Product Bulletins give YOU 


COMPLETE ENGINEERING DATA 
on ALL-METL BARRYMOUNTS 





Here’s what's in them for YOU: 


Transmissibility curves showing 5. Shock-characteristic data, includ- 
performance under test conditions ing curves showing vibration iso- 
of JAN-C-172A. lation after 15g shock test. 

: . 6. Application data, including curves 
Curves showing reduction of trans- that show you how to choose iso- 
mitted acceleration and displace- lators for unsymmetrical loads. 
ment. 

7. Dimensioned drawings of unit 
Curves showing how changes in isolators, channel pairs, and 
é <n mounting bases. 
loading affect transmissibility at ' 
resonance and natural frequency 8. Detailed data on the construction, 
for vertical motion. operating principle, and weights 
of mounts and bases. 

Curves showing effect of high and 9. A complete list of load ratings 
low temperature on isolator per- and catalog numbers for unit iso- 
formance. lators, channel pairs, and bases. 





These are the first really comprehensive bulletins on knitted-wire vibration isolators. 


Bok Be - 


To get your FREE copies, ask for Barry Product Bulletins 534 and 536. And, if 
you have a special problem, count on getting the right answer from our Field 
Engineering Service. 



















New Parts 





also be blended with each other to 
yield material having any desired 
hardness between 50 and 80, the 
hardnesses being proportional to 
the amount of each stock used. 
Suitable for fabrication into a vari- 
ety of parts, the materials can be 
molded, extruded, laminated and 
calendered. Typical uses include 
molded parts, tubing, gaskets, 
belts, electrical insulating parts, 
and wire and cable. Developed by 
Dow Corning Corp., Midland, Mich. 
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Solenoid 


Handling wide temperature vari- 
ations, this “hot” solenoid supplies 
positive, actuating force at ambi- 
ent temperatures from —65 to 500 
F. It features a high-temperature 


iW MEE Rar, 


Pits 





switch, special heat resistant wir- 
ing and insulation. Future models 
are expected to have an effective 
operating range beyond 600 F. 
Manufactured by PSP Engineering 
Co., 8420 Otis St., South Gate, 
Calif. 
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Stainless Steel Coating 


Applied by brushing or spraying, 
Proco liquid stainless steel coating 


MACHINE DesiGN—December 1953 
















CCURACY 


Philadelphia Hypoid, 
Zerol, and Spiral 
Bevel Gears ore avail- 
able in sizes ranging 
up to 48 inch diam- 
eters. 


any size, any quantity 


Spur 
Helical 
Spur Internal 
Helical Internal 
Rack 
Herringbone 
Worm 
Non-Metallic 








Splines 
Coniflex Bevel 
Spiral Bevel 
Zerol 
Hypoid 
Intermittent 


Sprockets 





ERIE AVE. AND G ST., PHILADELPHIA 34, PA. 
NEW YORK - PITTSBURGH + CHICAGO + HOUSTON * LYNCHBURG, VA. 


Industrial Gears and Speed Reducers 
LimiTorque Valve Controls 
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This 
IT SUPERIOR 
\ SPLIT 
, © BRUSH 


keeps 
Tea 
all the time! 





—no other brush 
just like it! 














THE WORD IS GETTING AROUND... More and more, the 
impression is growing, and rightly, that Superior likes to grap- 
ple with difficult brush problems — and solve them! The ECH 
brush assembly shown above does a better job wherever a split 
brush is required. Superior’s patented tension-clamp keeps at 
least one half of the brush ALWAYS in contact with the com- 
mutator. Results: optimum commutation, negligible chatter, 
minimum “brush bounce”, and long wear. . . It would be a real 
pleasure to study your difficulty — and without obligation. 


SUPERIOR CARBON PRODUCTS, INC, 


9115 GEORGE AVENUE, CLEVELAND 5, OHIO 
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offers the corrosion and moisture 
resistance of 18/8 No. 302 type 
stainless steel. It covers plywood, 
plaster, linoleum, metal work and 
other surfaces with the blue-gray 
finish of stainless steel. Surfaces 
coated with the material have a 
tough, continuous, corrosion resis- 
tant finish. A gallon of the coating 
covers 300 to 400 sq ft. Available 
from Protective Coatings Inc., 807 
North Fremont Ave., Tampa 6, 
Fla. 
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Subminiature O-Rings 


Designed to meet precise space 
requirements, series 6227 close tol- 
erance, subminiature elastomeric 
O-rings are available for use in 
pumps, valves, nozzles and in gen- 
eral hydraulic applications. Stock 
sizes are 0.029 x 0.040 x 0.109-in., 
0.070 x 0.040 x 0.150-in. and 0.1 x 
0.07 x 0.24-in. for moving or non- 
moving seals. Rings withstand 
wide range of pressure, tempera- 
ture and movement. They seal in 
both directions of pressure flow, 
are durable and have low running 
friction. Made by Stillman Rubber 
Co., Dept. D., 5811 Marilyn Ave., 
Culver City, Calif. 
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Phosphor-Bronze Strip 


Precision rolled to very close tol- 
erances and to thin gages and foils, 
phosphor bronze strip possesses 
high tensile and yield strength, 
good ductility, resiliency, high fa- 
tigue strength, wear resistance and 
good bearing qualities. It is cus- 
tom rolled in strip from 0.0005 to 
6 in. wide, to tolerances of 
+0.0001-in. Typical uses include 
bellows and diaphragms in aircraft, 
heating, air conditioning and re- 
frigeration components; high 
strength springs, snap switches, 
socket and plug contacts; printed 
electronic and communication cir- 
cuits; lock washers, sleeve bush- 
ings, and clutch disks. Made by 
American Silver Co. Inc., Flushing, 
N. Y. 
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Write for H-P-M’s NEW 


H i ; fact filled catalog on 
Fixed displacement pumps and motors . . . plain, lly B,.. , S 
foot, flange and motor mountings . . . capacities 1 to Units TODAY! 


120 G.P.M. eee 1000 P.S.1. Ask for Catalog No. 601 


Variable displacement pumps and motors . . . radial 
piston type . . . capacities 1 to 185 G.P.M. . . . 2500 
to 3000 P.S.I. 


Ample selection of pump or motor controls. 





HYDRAULIC 


POWER 


ACCESSORIES POWER UNITS VALVES CYLINDERS > DIVISION 


THE HYDRAULIC PRESS MFG. CO 


MOUNT GILEAD OHIO U.S A 


1096 MARION ROAD 


A Factor in the Field of Hydraulics Since 1877! 


ONE SOURCE FOR ALL COMPONENTS! 
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by designing with 


20) 9 433, leek nylon shapes 


Nylon parts that resist wear, heat, and chemicals can im- 
prove the performance of your products. With Polypenco 
shapes, you get the benefits of nylon at lower cost through 
economical fabrication. 


oe |. REDUCE PRODUCTION COSTS 


With standard sizes of 
POLYPENCO nylon strip, 
parts up to %"’ thick and 4” 
wide can be economically 
blanked at rates as high as 
600/min. No specialized 
equipment needed. Standard 
metalworking punch presses 
and feeding methods 
do the job. 


When parts are machined 
from various Polypenco 
shapes, expensive molding 
dies are eliminated and one 
or hundreds of parts can be 
obtained with the same 
economy. Metalworking 
equipment right in your own 
plant can be used for turning, 
drilling, threading, mill- 
ing, etc. 


POLYPENCO nylon rod, tubing, strip and 
slab are stocked for prompt delivery. Rigid 
production controls assure uniform high 
quality in every piece. We'll help you fabri- 
cate parts, or we'll make parts to order. 









Write today for prices and technicai bulletin 
on Polypenco nylon shapes. 





POLYPENCO NYLON 


nylon and teflon* 
other non-metallics / stock shapes, finished parts 






also available to your specifications 


The POLYMER CORPORATION of Penna. « Reading, Penna. 
Warehouse stocks: 
Chicago, Ill. e Newton, Mass. « Branford, Conn. « Los Angeles, Calif. 


*trademork for Du Pont tetrafluoroethylene resin 








| 
| 
| 


| ENGINEERING 
| DEPARTMENT 


EQUIPMENT 


Data Recorder 


This recorder takes 100 identifi- 
able readings on an 8% x 11-in. 
chart which can be removed and 
replaced with accurate indexing, 
permitting the collection, on a 
single chart, of test data taken at 
different times. An unskilled op- 
erator can take up to 600 bridge 





readings an hour. The instrument 
can be used for any bridge or po- 
tentiometric measurement. The 
print drive servo has a sensitivity 








of 25 mu v; full scale spans as low 
as 15 mv are practical. Automatic 
test cycle requires one minute. 
Made by Barnes Development Co., 
213 West Baltimore Pike, Lans- 
downe, Pa. 
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| Analog Computing Unit 


Embodying a basic electronic- 
analog facility, model HK opera- 
tional manifold component is com- 
prised of a set of 10 operational 
amplifiers plugged into a special 
chassis. All common service con- 
nections to the amplifier, such as 
those for supply voltages, are pro- 
vided within the unit. Zeroing 
means of improved stability are 
accessible at the front. The unit 
has a symbolic arrangement of 
computing connections whereby 
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RADIAL T YPES 


























































































































or VOUREVERV U9E... 


Retainer 
BEARING B te) w 
RO —s-3/64-.0469 5 /32-.1562 1/16-.0625 
Ri 0550 8/16-.1875 5/64-.0781 
Rl-4 = 5/64-.0781_1/4-.2500 3/32-.0937 
R1-5 —3/32-.0937 5/16-.8125 7/64-.1094 
R2-5 = -1/8-.1250 5/16-.3125 7/64-.1094 
R2 1/8-.1250  3/8-.8750 5/32-.1562 
. . 
Retainer Extra Light 
b R183 3/82-.0937 8/16-.1875 1/16-.0625 
R144 ——1/8-.1250 _1/4-.2500 3 /32-.0937 
R155 5 /32-.1562  5/16-.3125 7/64-.1094 
R156 3/16-.1875 5/16-.3125 7/64-.1094 
R166 3/16-.1875  3/8-.8750 —1/8-.1250 
R168 = 1/4-.2500 3/8-.3750—1/8-.1250 
R188 1/4-.2500 + 1/2-.5000 —1/8-.1250 
R613M 6mm. 13mm. 3.5mm. 
Flanged Retainer 
, FRI .0550 3/16-.1875 5/64-.0781 
FB 0 FRI-4 5/64-.0781 _1/4-.2500 8/32-.0937 
i FRI-5 3/32-.0937 5/16-.3125 7/64-.1094 
FR2-5 1/8-.1250 5/16-.3125 7/64-.1094 
LEey FRI55 9 5/32-.1562 5/16-.3125 7/64-.1094 
p—*  FRIS6 3/16-.1875 5/16-.3125 7/64-.1094 
pw: FRIG6 3/16-.1875 3/8-.3750 —1/8-.1250 
FRI88 1/4-.25001/2-.5000 —1/8-.1250 
T Flanged Full 
F13 .0550 3/16-.1875 5/64-.0781 
0 Fld  5/64-.0781 _1/4-.2500 3/32-.0937 
F15 —-3/32-.0937 5/16-.3125 7/64-.1094 
F154 ——_-1/8-.1250 5/16-.3125 7/64-.1094 
F155 5 /32-.1562 5/16-.3125 7/64-.1094 
F156 3/16-.1875 5/16-.3125 7/64-.1094 
Full 
10 0250 1000 1/32-.0312 
12 .0400 _1/8-.1250 3/64-.0469 
12% —8/64-.0469 5 /32-.1562 1/16-.0625 
13 0550 3/16-.1875 5/64-.0781 
14 5/64-.0781 _1/4-.2500 3/32-.0937 
15: -8/32-.0937 5 /16-.3125 7/64-.1094 
16 1/8-.1250 3/8-.3750 5 /32-.1562 
Full Extra Light 
144 1/8-.1250 _1/4-.2500 3/82-.0937 
o 83-154 1/8-.1250 5/16-.3125 7/64-.1094 
155 5 /32-.1562 5/16-.3125 7/64-.1094 
156 —/16-.1875 5/16-.3125 7/64-.1094 
157 7/82-.2187 5 /16-.3125 + 7/64-.1094 
168 1/4-.2500 3/8-.3750 _1/8-.1250 
1810 5 /16-.3125 1/2-.5000 5 /32-.1563 
Spring Retainer 
R1-4Z 5/64-.0781 _1/4-.2500 3/32-.0937 
R1-5Z 3/32-.0937 5/16-.3125 7/64-.1094 
R2-5Z —1/8-.1250 5/16-.3125 7/64-.1094 
R2Z_—s_1/8-.1250 _3/8-.3750 5 /32-.1562 
R155Z 5/32-.1562 5/16-.3125 7/64-.1094 
R156Z 3/16-.1875 5/16-.3125 7/64-.1094 
R166Z 3/16-.1875 3/8-.3750 1/8-.1250 
R1G8Z = 1/4-.2500 3/8-.3750 —1/8-.1250 
erceirr 


NEW HAMPSHIRE 
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V4) BALL BEARINGS, INC. 
41 MICRO CIRCLE @ PETERBOROUGH, N. H. e TELEPHONE 424 


SPECIFY 





BSEARINGS 





MICRO makes, and makes possible 











pm By SIZE, TYPE, and MATERIAL * 


to precision quality. 


NEW PRODUCTS 


MICRO pro- 
vides the widest selection of small ball bearings made 


p DIMENSIONS of complete assemblies range from 


Y2”" overall diameter down to .1000”. 


Seven RADIAL and three other series are standard in 


chrome and stainless steels with some available 
SPECIAL SIZES and MATERIALS 


beryllium copper. 
are also considered. 


pm TOLERANCES are ABECS or BETTER. 


NEW *° * ° 


in 


pe» The MICRO RETAINER (R) bearings, first developed 
by NHBB in the U.S., are a significant improvement 
for sizes previously available only in the full type. 
The retainer produces smoother running and lower 


ed 


friction. The crown retainer has long 
been in use, and many sizes are also 
being equipped with the new ribbon 


type — a two-piece cylindrical-pocket, 
cone-controlled and balanced retainer. 
a 


OTHER 


TYPES 




















Desian 








Pivot 
BEARING B D Ww 
224%.M .040 4mm. 2.4mm. 
23M .050 5mm, 3.2mm. 
24 .085 1/4-.2500 1/8-.1250 
24H .085 1/4-.2500 1/8-.1250 
26 165  3/8-.3750 3/16-.1875 
26H 165 3/8-.8750 3/16-.1875 
| Angular Contact 
113 0550 3/16-.1875 5/64-.0781 
114 5/64-.0781  1/4-.2500 3/32-.0937 
115 3/32-.0987 5/16-.3125 7/64-.1094 
1154 1/8-.1250 5/16-.3125 17/64-.1094 
116 1/8-.1250  3/8-.8750 5/32-.1562 
> | Self Aligning 
214 5/64-.0781  1/4-.2500 3/82-.0937 
8 O 215 3/32-.0987 5/16-.3125 7/64-.1094 
2154 1/8-.1250 5/16-.3125 17/64-.1094 
Ty | 216 1/8-.1250 3/8-.8750 5/32-.1562 


Write for Catalog 53 for complete 
data on the more than 130 available 
MICRO bearings, or consult our 
Engineering Department. 
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in those hard-to-reach places... 


y MI 
CYLINDERS 
air - hydraulic) 





fit where others won't! 


O-M's SPECIAL INTERLOCKING MECHANISM, which does away 
with projecting tie rods and end caps, answers the old problem 
of how to get the necessary power when space is a factor. O-M 
Cylinders require 14 less installation space than conventional 
cylinders with the same bore . . . and can be turned down to fit 


easily into the deep recesses of machine bases and equally hard- 
to-reach spots. They're ALL-STEEL with bearing bronze— 
no castings. 


And O-M has the lowest coefficient of friction of any cylinder 
. .6moother operating at low or high speeds regardless of length 
of stroke. End plugs tapped for universal mounting. Any one 
or combination of mounting brackets may be used to install 
without disassembling or changing cylinder. Easily removed, 
inspected, repaired. 


Available in a full range of sizes (1! to 8” bores) with standard, 
2 to | or oversize rods. Completely interchangeable parts. 


- * ° 
br » | 14 day delivery on most sizes 
F fA Write today for FREE catalog and com- 
vy - plete set of 44 and 4-scale templates 
showing all cylincers and mounting 
? ue « brackets. 


~ MAIL COUPON NOW! 
ORTMAN 


1210 150th Street * Hammond, Indiana 
[_} Please send latest O-M catalog. 
[_] Please send complete set of templates. 





MILLER 
MACHINE CO. 


Address 
City 
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circuit elements and input and out- 
put leads are readily plugged in to 
form feedback circuitry. Of the 
four amplifier poles comprising 
plus input, minus input, output 
and ground, the jacks for every 


pair are spaced on %-in. centers | 


for double banana plugs. Speed 
















[seeseseess 


of computation ranges from a re- 


petitive or single-shot period of | 


0.001-second to a solution time of | 


a number of minutes. Power re- 
quirements are plus and minus 300 


v de at 50 ma and 115 v ac at 0.5 | 


ump. Positive and negative inputs 
to each amplifier, both at high im- 
pedance, are available. Made ky 
George A. Philbrick Researches 
Inc., 230 Congress St., Boston 10, 
Mass. 
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Disk Cakulator 


This device computes the com- 
bined potentiometer resistance and 
shunt resistor values required in 
converting a linear potentiometer 
to a nonlinear function. Values 
corresponding to maximum incre- 
ment of resistance change are 
located on the C scale. The four 
increments of resistance change be- 


© 


i ty 





a 


ij 









hy " 


4 i a 
1 Phy: * 
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Model S-25 
Automatic 
Gas Fired 
“INCINOR” 
Mfd. by 
BOWSER, INC. 
finished 
in white 
SICON 

















The sparkling white finish of 
this home incinerator stands . 
flash temperatures of as 


neh 35 50°F. 



























Silicone Coating 


SICON withstands the shock of 
high heat combustibles without 
peeling or blistering. Retains 
luster and beauty over long pe- 
riods of time. Now used on all 
‘-INCINOR models. SICON, the orig- 
inal silicone finish, has proved 
best for a long list of other na- 
tionally known products. 
WRITE FOR 
BULLETIN 531 


Sexo 


e Finish ts 








e-Bas 


manufactured exclusively by 


M!PDLAND 


TUUSIeL_ ' 


4 
ee FLAK: MALAA c 


Illinois 


NTHET 


Waukegan, 
ENAMELS i 
VARN 


cs 


LACQUERS SHES 
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Dependable Bearing Protection 
for All Service Conditions 


The true value of any oil seal must be measured by the ability 
of the sealing element to protect the bearing by keeping the 
lubricant in, dirt and moisture out. 

For your bearing protection Garlock Kuiozures offer you 
these important sealing-element advantages: 





















1. Synthetic rubber sealing elements for oil, grease, water, 
mild acids and alkalies at temperatures up to 300° F. 

2. Silicone rubber sealing elements for extremes of high and 
low temperatures. 

3. Teflon sealing elements for strong acids. 

4. Choice of sealing element designs with finger spring or 
garter spring for light, medium or heavy duty service at 
all speeds. 

5. All sealing elements accurate and uniform in size, non- 
porous, tough, durable, non-abrasive and free-running. 





Garlock Kiozure Oil Seals are made in a complete 
Model 53 KLOZURE, with standard range of sizes and in many models. For complete 
sealiig element, applied to a information call your Garlock representative or 
shaft to protect the ball bearing. write for KLozurE Catalog No. 10. 


THE GARLOCK PACKING COMPANY, PALMYRA, NEW YORK 
*Registered Trademark In Canada: The Garlock Packing Company of Canada Ltd., Toronto, Ont. 


Branch Offices in Most Principal Cities 





PACKINGS, GASKETS, OIL SEALS, 


ARLO CK MECHANICAL SEALS, 


RUBBER EXPANSION JOINTS 
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BALL BUSHING 























The BALL BEARING for your 


LINEAR MOTIONS 


Sliding linear motions are nearly always troublesome. Thousands 
of progressive engineers have solved this problem by application 
of the Precision Series A or Low-Cost Series B BALL BUSHINGS. 


Alert designers can now make tremendous improvements in their 
products by using BALL BUSHINGS on quide rods, reciprocating shafts, 
push-pull actions, or for support of any mechanism that is moved 
or shifted in a straight line. 


Improve your product. Up-date your design and performance with 
BALL BUSHINGS! 


Now manufactured for Ye", 2", %", 1”, 
1%", 2” and 2%” shaft diameters. 


LOW FRICTION - LOW MAINTENANCE 
ELIMINATES BINDING AND CHATTER 
SOLVES SLIDING LUBRICATION PROBLEMS 
LONG LIFE > LASTING ALIGNMENT 


Progressive Manufacturers Use Ball Bushings 
—A Major Improvement at a Minor Cost 


THOMSON INDUSTRIES, Inc. 
Dept. E, MANHASSET, NEW YORK 


Write for descriptive literature and the name of our 
representative in your city. 






Also manufacturers of NYLINED Bearings — DuPont NYLON 


within a metal sleeve—for rotation and reciprocation. 











Engineering Equipment 





tween taps which have been de- 
termined on a graph are located 
on the rotor which is locked or 
aligned with a hairline, permitting 
a reading of the value of the R 
shunt scale opposite the arrow. 
This provides the value of the 
shunt resistor to the total desired 
resistance. A pull-out slide pro- 
vides instructions for use as well 
as a series of typical applications, 
such as one or two end resistors, 
slope reversals at zero or max- 
imum resistance, slope reversals 
not at zero or maximum resistance, 
or double slope reversal. Available 
from Servotrol Co., Framingham 


Centre, Mass. 
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Input-Output Instrument 


Model T1 GEDA input-output 
device records or plays back one 
variable voltage as a function of a 
second variable voltage. Record- 
ing of an output function may be 
followed immediately by a play- 





back of that function. Rack par- 
alleling plugs are provided for in- 
terconnection with analog com- 
puters and other remotely located 
devices. For output use the drum 
has a maximum travel of 10 in., a 
velocity limit of 10 ips and a static 
accuracy of 0.2 per cent. Maxi- 
mum pen travel is 71% in.; velocity 
limit is 7 ips; and static accuracy 
is 0.2 per cent. Frequency response 
of both drum and pen represents 
a phase lag of less than 5 degrees 
at one cycle per second with a 
peak-to-peak amplitude of 2 in. 
Scale factors are 10, 5, 1, 0.5 and 
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for 
y SAFETY 


y FLEXIBILITY 

y REVERSIBILITY 
vHIGH TORQUE 
vy SIMPLICITY OF CONTROL 
















‘o) steering tugboat 


design with 


GARDNER-DENVER 


MULTI-USE 
AIR MOTORS 


@) hoisting ore 


Fully described in Bulletin AM-1. 
Send for your copy today. 





GQ) mixing grout 








MULTI-USE AIR MOTORS PUT TO WORK... 












@ turning logs 






SINCE 1859 


GARDNER-DENVER 


Gardner-Denver Company, Quincy, Illinois 
In Canada: Gardner-Denver Company (Canada), Ltd., 
14 Curity Avenue, Toronto 13, Ontario 



















@ driving hydraulic pump 


THE QUALITY LEADER IN COMPRESSORS, PUMPS AND ROCK DRILLS 
FOR CONSTRUCTION. MINING, PETROLEUM AND GENERAL INDUSTRY 
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ARE YOU SEARCHING FOR 


HIGH PERFORMANCE 
BEARINGS? 





DILGFREE 
SELF-LUBRICATING 


West Whe Otto Wot! 


EXCELLENT DURABILITY © CONSTANT 
COEFFICIENT OF FRICTION © APPLICABLE 
OVER A WIDE TEMPERATURE RANGE 
soupiries on cansonizes ® OPERATE DRY, OR AT 
HIGH SPEEDS SUBMERGED IN WATER, 
GASOLINE OR OTHER LIQUIDS © EXCEL- 
LENT FOR CURRENT-CARRYING BEARINGS 
GRAPHALLOY materials are also in wide use 


for oil-free, self-lubricating piston rings, seal rings, 
thrust washers, friction discs, pump vanes, etc. 


Ohtier Craphalloy Produda 


O) 


CONTACTS 
q - 


L Grapuire METALLIZING CORPORATION 


For applications requiring low 
electrical noise, low and con- 
stant drop, high current density 
and minimum wear. Used for 
SELSYNS, DYNAMOTORS, 
SYNCHROS, ROTATING 
STRAIN GAGE pick-ups and 
many other applications. Brush 
Holders and Coin Silver Slip 
Rings also available. 









1045 NEPPERHAN AVE. @ Yonkers, New York | 


l (_] Pteese send date on Graphalloy Oil-Free BUSHINGS. 
[_] Send date on BRUSHES and CONTACTS. 





NAME & TITLE 





COMPANY 





STREET 





— || per cent rms. 
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0.1 v per in. and 50, 10, 5, 1 and 
0.5 mv per in. As an input de- 
vice the unit has an output voltage 
of 0 to 75 and a scale factor of 10 
v per in. Static accuracy is 0.2 
per cent. Output voltage is cor- 
rect to within 0.7-v if center of the 
pickup element is not forced to lag 
the curve by more than 0.5-in. 
Power requirements are 105 to 125 
v, 60 cycles and 200 w. Made by 
Goodyear Aircraft Corp., Akron, O. 


For more data circle MD-139, Page 269 


_ Rolling Drawing Instrument 


Transparent Glide-Rule combines 
triangles, T-squares, straight edge, 
scales, protractor and parallel 


rules in a 21% x 9-in. instrument. It 
has accurate, engraved scales and 
protractor and four drawing edges 





with scales graduated in 1/16 and | 


1/20-in. The protractor is a full 
180 degrees, with emphasized 30, 
45 and 60-degree angles. 


vertically, the instrument has a 


Capable | 
of rolling both horizontally and | 








| 
| 


small thumb-operated button which | 


controls direction of movement. 
Made by Smith Drake Corp., 1206 
S. La Brea Ave., Inglewood, Calif. 


For more data circle MD-140, Page 269 


Power Supply 


Magnivolt high performance ac 
to de regulated selenium rectifier 
power supply has magnetic ampli- 
fier control. 
+1 per cent from no load to full 
load with +10 per cent ac line 
variation. Response is faster than 
0.2-second under extreme load con- 
ditions, and ripple is less than 1 
De output ratings 


| 





Regulation exceeds | 








Announcing 
Two Compact 


NEW 


GAST ::3: 


Integral- 
AIR PUMPS 


Leese): 
FOR ORIGINAL EQUIPMENT 
APPLICATIONS AND PORTABLE USES 














Note the compactness! Yet these In- 
tegral Motor-Pumps (basic Model No. 
0406 shown) deliver .6 CFM—to 15 
PSI or 25 In. Vac. 1750 RPM with 
1/12 HP G.E. Motor. 


It’s a VACUUM PUMP! For vacuum, 
Model 0406-V2-154X has already 
proved its advantages as a com- 
ponent of industrial instruments re- 
quiring air flow; as a portable air 
sampler, etc. 


it’s an AIR COMPRESSOR! For 
pressure, Model 0406-P2-154X is in 
use on special machines for textile 
wear testing; as a laboratory com- 
pressor, etc. 


Both OIL-LESS AND STANDARD 
LUBRICATED TYPES OFFERED- 
VARIOUS ACCESSORIES 


You can get absolutely oil-free air with com- 
pletely oil-less models (never need lubrication); 
also standard lubricated models. Altogether, 
Gast offers a wide range of Integral Motor-Pump 
Models from 1/12 to 1/3 HP. Investigate now! 

















FOR NEW 
DATA SHEETS 
on 0406 
Integral oe g 
” Same model, but with handle, 
Metor-Pump gauges, nipples, etc., to show 
Models. typical accessories we con 
furnish. 





Original Equipment Manufacturers 
for Over 25 Years 





AIR MOTORS - COMPRESSORS - VACUUM PUMPS 


(TO THREE H.P.) (TO 30 185.) (TO 28 INCHES) 
GAST MANUFACTURING CORP., 107 Hinkley St., Benton Harbor, Mich. 
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Parker Rust Proof Company’s 
Michigan. 


A crop of 6,400 metal panels is tended in 
Parker Rust Proof’s outdoor test field. The 
harvest is facts on the durability of various 
finishes over various metals. 


Conditions here are the same as are met 
by painted products in daily outdoor use. 
The sun and the wind, the rain, sleet and 
snow pound at these panels continually. 
Parker technicians watch each set of panels 


BONDERITE 


corrosion resistant paint base 
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corrosion test field at Morenci, 


BONDERITE and BONDERLUBE PARCO COMPOUND 


aids in cold forming of metals 


What weather does to finishes! Panel left, paint over 
untreated aluminum. Panel right, paint over Bonderite- 
treated aluminum. 11 months outdoor exposure. 


individually, observe their condition, chart 
results at regular intervals. 


This large-scale outdoor testing program, 
continuous since 1935, has helped build 
Parker’s great fund of valuable information on 
how to control corrosion. The facts we learn 
from the corrosion test field are passed on to 
guide our customers to more effective, more 


economical surface treatments for metals. 
*Bonderite, Bonderlube, Parco, Parco Lubrite—Reg. U.S. Pat. Off. 


PaRKER RUST PROOF COMPANY 


2193 E. Milwaukee Ave., Detroit 11, Michigan 


PARCO LUBRITE 


rust resistant 


wear resistant for friction surfaces 


ESS SPACE! 





























These new T-J Cylinders save “p 

to 40% in mounting space—wit 
streamlined design that elimin- | 
ates tie rods. They’re super rug- © 
ged—extra high safety factor... 
solid steel heads . . . heavy wall, 
precision honed, hard chrome 
plated, seamless steel body... 
leakproof cylinder head to body 
construction . . . heavy duty, hi- 
tensile, hard chrome plated pis- 
ton rod. 

Available with the new T-J 
Super Cushion Flexible Seals 
which insure positive cushion 
with automatic valve action for 
fast return stroke. Many stand- 
ard sizes and styles. . . for push- 
ing, pulling, lifting, clamping 
or control jobs. T-J dependa- 
bility. Write for bulletin 8152 
The Tomkins-Johnson Co., 
Jackson, Mich. 


aD 
4 Weeks Delivery TOMKINS-JOHNSON 


on the Space- 
RIVITORS. AIR AND HYDRAULIC CYLINDERS CUTTERS CLINCHORS 













maker—any 
"ee ony stroke, 
to 3°’ diam. 
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are 1.2 to 30 v de and 2.5 to 40 
amp full loads from a 115-v, single 
phase, 60-cycle ac input. Compact 
and lightweight, the unit requires 
minimum space for mounting in 
standard relay racks or standard 


cabinets. It has standard ac in- 
put switch, fuse, pilot light, input 
and output posts. All static com- 
ponents eliminate vacuum tubes 
or other moving parts. Made by 
Inet Inc., 8655 S. Main St., Los 
Angeles 3, Calif. 


For more data circle MD-141, Page 269 


Micro-Microammeters 


Vibrating reed and logarithmic 
scale micro-microammeters meas- 
ure, record and control microcur- 
rents on the order of one-millionth 
of a millionth of an ampere. They 
measure the effect of radioactivity 
on ion chambers or similar sensing 








Basic unit of the model 


devices. 
V is the plug-in vibrating reed Vi- 
brode, which is sealed in a glass 
envelope and can be replaced as 


easily as a vacuum tube. The in- 
strument has 13 operating current 
ranges, including 3 x 1077 and 3 x 
10°13 amp full scale. It features 
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TLLDOZERS «“*752, OR BLOWERS 





a 
wa 2 
oNvevors t= OR CRAN si 











CAPABLE COMPONENTS OF ALL 


FROM A 10 Z 


Aetna Bearings and Precision Parts are helping equipment 
do a better job in almost any field you can name. Reason is, 
designers, engineers, and manufacturers know that nothing 
contributes more to equipment efficiency and servicability 
than quality anti-friction components. 

Aetna cooperative engineering has successfully solved 
over 2000 special anti-friction problems for American manu- 
facturers. Tackling such problems and designing special 
bearings or precision parts to solve them has been a basic 
part of Aetna’s business for more than a third of a century. 

As an executive it may pay you handsomely to find out 
what Aetna products can do to help make your product 
more useful, easier to sell, or cheaper to make. A letter, 

wire or ’phone call will place our engineers at your disposal. 
Bearings @ Special Roller Bearings 


yy et ayy EY AETNA BALL AND ROLLER BEARING COMPANY 


Ground Washers @ Sleeves @ Bush- 4600 Schubert Avenue * Chicago 39, Illinois 


ings @ Miscellaneous Precision Parts. 























Standard and Speciol Ball Thrust " 
Bearings @ Angular Contact Boll 25 





BRANCH OFFICES COAST-TO-COAST: @ Albany @ Atlanta @ Auburn @ Baltimore @ Binghamton @ Birmingham @ Boston @ Bridgeport @ Buffalo @ Charlotte @ Chicago 
@ Cincinnati @ Cleveland @ Denver @ Detroit @ Hartford @ Houston @ Jacksonville @ Los Angeles @ Newark @ NewYork @ Niagara Falls @ Philadelphia @ Pittsbergh @ 
Providence @ Richmond @ Rochester @ San Francisco @ Seattle @ Syracuse @ Trenton @ Utica @ Waterbury @ Worcester. See your classified ‘phone directory for addresses. 
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Now...assemblies with extra pull strength... 


withstand almost 2 tons 


without separating 


Resistoflex Hose Assembly 
UR CUS C MCE CME CCH 
jaw separation: 1° per 
minute. 4” hose rated at 
3500 Ibs. pull; %*” hose — 
2500 Ibs.; 4 hose-900 Ibs. 








Medium-high working pressures also built into 
RESISTOFLEX INDUSTRIAL HYDRAULIC HOSE ASSEMBLIES 


Here is a %” hose assembly with enough pull strength to actually 
tow a trail-behind farm implement without snapping. This extra 
reserve proves two things. (1) The hose itself has the strength to 
resist hydraulic shocks and medium high pressures. (2) The 
fitting is on for good! 

Constructed with special compar tube, modern synthetic fibre 
braid reinforcement and newly developed, matched fittings, 
Resistoflex assemblies also provide these five other outstanding 
features that mean more hose value per dollar. 

1. High Burst Strengths—stay high even as hose working age in- 
creases. 9200 psi for 4%” hose; 8200 psi for 3%”; 7200 psi for 2”. 

2. Long Impulse Life—virtually unlimited resistance to shock 
loads and impulse. Hose lasts longer. 

3. High Impact Strength—hose returns to original cross section 
after crushing load. 

4. Full Flow at Fittings—less than 5% reduction in cross section 
at crimp. 

5. No Gumming or Clogging—compar hose liner inert to all hy. 
draulic oils. 

For more information, write for Data Sheet MH-1. 


















IMPROVE PERFORMANCE OF BACK-UP RINGS ¥ 


“Fluoroflex*-T” stress relieved spiral rings, made from 
Teflon ® , do a superior job of backing up “O” ring seals, 
especially at elevated temperatures ... they do not 
fray, and are chemically inert .. . they form a smooth 
symmetrical ring when seated and uce friction and 
increase life of the assembly. Write for data sheet FR-1. 
*Resistoflex Trade Mark > | 
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SPECIALLY ENGINEERED FLEXIBLE RESISTANT PRODUCTS FOR INDUSTRY 


RESISTOFLEX. .....2:.:10% 


Belleville 9, New Jersey 
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absolute accuracy of 5 per cent or 
better on any scale, with less than 
2 mv zero drift in 24 hours. Read- 
ings are independent of line volt- 
age fluctuations from 103 to 107 v, 
and relatively insensitive to vibra- 
tions. It can be adapted to moni- 
tor four inputs alternately and has 
terminals for connection to any 
standard 50-mv potentiometric re- 
corder. 

For use where input currents are 
likely to fluctuate, the logarithmic 
scale micro-microammeter has a 
wide current range on a single 
scale. The scale covers six dec- 
ades, 10°77 to 10°'* amp, with each 
decade graduated in nine subdivi- 
sions. Made by Beckman Instru- 
ments Inc., South Pasadena 1, 
Calif. 


For more data circle MD-142, Page 269 


Precision Projector 


Model 44 Art-O-Graph casts 
bright, sharp images of illustra- 
tions, photographs, physical ob- 
jects or color transparencies di- 
rectly onto a drawing table. Use- 





ful in making tracings, it projects 
illustrations from postage stamp 
size to the size of a newspaper 
page and enlarges or reduces im- 
ages more than four times. Ver- 
tical design permits setting the 
unit up over a regular drawing 
table. Constructed of steel, the 
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"=" WICKERS. 


‘Balanced Vane Type Pump 


Under the very best conditions, cold weather puts a strain on starting 
‘equipment. Every part of the engine is stiffer, and the cold seriously 
decreases the power of the starting battery. If the hydraulic system has 
a pump with fixed teeth or lobes, this starting load may be seriously 
increased above normal. 

Vickers Balanced Vane Type Pumps sfart af practically no load. At rest 
and at normal starting speeds, the sliding vanes are retracted . . . only 
after the engine fires do the vanes extend and pumping begins. As a 
result, cold weather starting is much easier when a Vickers Vane Type 


Pump is used. 
Get in touch with the nearest Vickers office for full information. 


(Left) Schematic diagram of Vickers Balanced 
Vane Type Pump showing how sliding vanes 
are retracted at normal engine cranking speeds. 
No oil is pumped and there is practically no 
starting load. 


(Right) Similar diagram of Vickers pump 
showing how pump vanes are extended when 
engine is running. Pumping then begins and 
continues at all engine speeds. 


‘KERS Incorporated 


DIVISION OF THE SPERRY CORPORATION 
AKMAN BLVD. - e DETROIT 32, MICH. 


PUMP WITH 
FIXED TEETH 


fee | 
vTORQUE 
7 eae VANE PUMP 
ARTING 
| ae TOR 
BREAKAWay TORGUE QuF 


Curves based on comparative tests of a Vickers Vane Type 
Pump and an equal capacity pump with fixed teeth. Oil used 
in both was SAE 10W premium grade. 


Vickers Balanced Vane 
Type Pumps for mobile 
equipment are available 
in five basic sizes, 15 
normal delivery 
ratings and a 
variety of mount- 
ings. Ask for new 
Catalog M-5101. 


6628 _ 


ENGINEERS AND BUILDERS OF OIL 
HYDRAULIC EQUIPMENT SINCE 1921 


Application Engineering Offices: ATLANTA * CHICAGO (Metropolitan) * CINCINNATI + CLEVELAND « DETROIT » HOUSTON + LOS ANGELES (Metropolitan) 
NEW YORK (Metropolitan) + PHILADELPHIA (Metropolitan) + PITTSBURGH » ROCHESTER » ROCKFORD « SEATTLE » TULSA » WASHINGTON * WORCESTER 
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motor ... Maybe one of these 
design REULAND “specials” 


problem? will solve it! 


FLUID-SHAFT MOTOR 


Motor with internal fluid coupling. Provides 
smooth load acceleration. More compact than 
separate motor and coupling. Assures perfect 
8 clignment. Will start heavier loads than stand- 
ard motors of same horsepower. Used on 
cranes, conveyors, mixers, etc. 





FLUID-SHAFT MOTOREDUCER 


Consists of Revland Fluid-Shaft motor and gear 
reducer as one compact unit. Converts the 
motor’s conventional high speed into a slow 
speed, high torque output. Provides smooth 
starts. Prevents equipment jamming. Used on 
cranes, hoists, car pullers, etc. 





RIGHT-ANGLE MOTOREDUCER 


Consists of Reuland motor and worm gear 
reducer. Provides unlimited mounting versa- 
tility. Permits use of 1 high speed and 2 slow 
speed power-take-off shafts, if desired. Ideal 
for designing into cramped quarters. Also 
available with Fiuid-Shaft drive motor. 





HYDRAULIC PUMP MOTOR 


Special end bell flange permits direct, end bell 
mounting of all standard makes of pumps. 
Eliminates need for special mounting platforms. 
Assures absolutely perfect alignment with 
pump shaft. Available with mounting flange 
on one or both ends. 





THROUGH-SHAFT MAGNETIC BRAKE 


“Doughnut” type design allows extension of 
shaft entirely through brake. Permits use of 
TWO output shafts per motor. Can be mounted 
on the input or output shafts (or both) of Fluid- 
Shaft motors and motoreducers. Only 6 major 
parts...self adjusting... half usual length. 


OVER 600 SPECIAL ELECTRIC MOTOR DESIGNS 


Whatever your drive problems may be, there is a 
good chance that the Reuland “library of specials” 
contains a unit that is already tailored to your needs. 
Its availability will save you development work and 
put you in production faster. 

Write today, outlining your particular problem. No 
obligation, of course. 


ELECTRIC 
COMPANY 





2 = 





1 DISTRIBUTORS IN ALL PRINCIPAL CITIES 


WESTERN DIVISION—ALHAMBRA, CALIFORNIA * EASTERN DIVISION—HOWELL, MICHIGAN 
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projector has new type foil re- 
flectors, a hard-coated lens, coun- 
terbalanced carriage and a front 
surface mirror. Available from 
J. A. Engel Inc., 624 Syndicate 
Bldg., Minneapolis 2, Minn. 


For more data circle MD-143, Page 269 


Oscillograph 


Shock resistant model 557 re- 
cords 14 channels of separate data, 
has rigid cast aluminum alloy con- 
struction, full width timing lines at 
0.01 and 0.1-second produced by a 
shutter type shockproof precision 
timer, and beam interrupter type 
trace identification. Record speed 





is variable by means of a simple 
gear shift arrangement. Full width 
viewing screen displays traces hav- 
ing a 1:1 deflection ratio with the 
recording traces. The unit accom- 
modates a wide variety of natural 
frequencies and sensitivities. Made 
by Midwestern Geophysical Labo- 
ratory, 3401 S. Harvard, Tulsa, 
Okla. 


For more data circle MD-144, Page 269 


Pulse System 


Used for transmitting, storing 
and computing information, the 
Modular system of digital pulse 
units consists of 16 electrically and 
mechanically compatible ‘“Modu- 
lars” which perform all the basic 
functions of digital pulse opera- 
tions, such as gating, pulse form- 
ing, counting, coincidence marking, 
etc., as well as simpler electronic 
tasks like amplification, signal in- 
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Here is another example of 
how the unique properties of 
Du Pont nylon have helped 
a manufacturer produce an 
improved product. 

In developing a new spin- 
ning reel that would give good 
casting balance with today’s 
featherweight rods, Waltco 
Products, Inc., sought a light- 
weight material that would 
also give long, dependable 
service. 

They found their answer in 
Du Pont nylon plastic. The 
final design contains fifteen 
parts—almost the entire reel 
—molded of nylon. Since 





Why not investigate how this unique engineering material-DU PONT NYLON-can help improve your product ? 


Du Pont nylon is lightweight, 
the reel weighs less than four 
ounces, about the same as 
popular rods. Du Pont nylon 
is strong and durable, won’t 
chip or crack, and is virtually 
unbreakable. Its excellent 
bearing characteristics and 
wear resistance provide long- 
lasting, smooth operation of 
the reel’s moving parts with- 
out lubrication. And because 
nylon resists corrosive attack, 
even by salt water, the reel is 
self-cleaning. The manufac- 
turer claims that the reel 
gives near-perfect rod and 
reel balance plus long life 
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with little or no lubrication. 

Perhaps these properties of 
Du Pont nylon can help your 
company produce a new or 
improved product. For further 
information, write: E. I. du Pont 
de Nemours & Co. (Inc.), Poly- 
chemicals Dept., Room 1212 
Du Pont Bldg., Wilmington 98, 
Delaware. 


— —Z 
a Nee nae a 
REG us PaT.OFrf 


NYLO 


Better Things for Better Living 
... through Chemistry 











works with Twin-I isc 1 
efficiency of tt 


o> % 


HYDRAULIC POWER TAKE- 










This particular Twin- 
Disc Disconnecting 
Hydraulic Coupling — 
which also acts as its 
own master clutch — 
transmits the power of 
engines used on drill- 
ing rigs. It provides 
smoother operation, 
less shock to drill and 
engines, and reduces 
chain breakage. A 
Roper 76K50 Pump is 
integral — as shown — 
and transmits the fluid 
necessary for engaging 
and disengaging the 
““win-Disc Unit. 





ROPER 76K50 PUMP 


YOU CAN EXPECT DEPENDABILITY FROM ROPER 


The Roper used as a vital component of this hydraulic power take-off 
is a special design Series K pump with built-in relief valve. In its role 
here, the Roper is highly regarded for its great dependability and peak 
efficiency under rugged conditions. Here’s food for thought for you, for 
you might well have new equipment in process where a Roper would 
fill the bill. Standard Series K pumps 
are rated to 150 P.S.I., and delivery 
ranges of from 3/4 to 50 G.P.M. They 
are widely used for pressure lubrica- 
tion, hydraulic service, transfer work, 
and fuel supply. Series K features 
(too numerous to mention here) are 
available to you in our latest catalog. 
Send for it! 











VENTURI SUCTION and DISCHARGE 


PRINCIPLE IN SERIES K PUMPS 


In Series K pumps 10 through 50. A 
design application whereby liquid is 
distributed uniformly across the gear 
face, increasing volumetric efficiency. 
Adds quietness . . . minimizes energy 
loss caused by turbulence, cavitation 
and friction. 











GEO. D. ROPER CORPORATION 
252 Blackhawk Park Ave., Rockford, Ill. 
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version and impedance matching. 
In operation, the Modulars are 
easily assembled, linked together 
by mechanical means and quickly 
interconnected by patch cords. 
Since each unit performs numerous 








independent functions selectively, 
a complete system consisting of 16 
units and a regulated power sup- 
ply is capable of 72 separate func- 
tions, with as many as 31 functions 
simultaneously available. Each 
unit is 234 in. high, 4% in. wide 
and 9 in. long. Made by Audio 
Products Corp., Los Angeles, Calif. 


For more data circle MD-145, Page 269 


Screw Thread Template 


For drawing the outlines of 
screw threads, No. 15 template 


covers the entire range from 20 
to 4 threads per inch of the most 
commonly used American Stand- 
ard types. This range encompasses 





all standard screw diameters from 
1, to 4 in. Template is made of 
cured mathematical quality plastic 
and measures 6% by 234 in. Made 
by Rapidesign, Inc., P. O. Box 592, 
Glendale, Calif. 


For more data circle MD-146, Page 269 
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C-D-F SILICONES 






stamped. 


5. SILICONE VARNISHED FIBER- 
GLAS TAPE made in uniform 
thickness, in a wide range of 
widths. 


C-D-F SILICONE TAPES are recommended for 
Class H insulation. It’s been proved that silicone 
insulation has 10 times longer life than Class B in- 
sulation, even at the temperature limits of Class H. 
There are two types of C-D-F Silicone Tapes and 
Sheets: (1) Silicone varnished fiberglas; (2) Silicone 
rubber fiberglas. Each has the following properties: 
© High temperature resistance ® Resistance to moisture 


© High dielectric strength ® High tensile strength 
© Low dielectric loss ® Flexibility 


Both grades meet A.J.E.E. Standard for Class H 
insulation. They resist mild alkalis, non-oxidizing 
acids, mineral oils, oxygenated solvents. Silicone 
rubber fiberglas is recommended for many applica- 
tions requiring a flexible abrasion-resistant material 
with good thermal conductivity. C-D-F Silicone tapes 
and sheets are available in a wide range of sizes in 
continuous rolls. For complete details, write for 
Technical Bulletin #47. 
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1. COIL MOUNTING — GB-112S. Machined by C-D-F; sawed to shape, 
holies drilled, slot end-milled, large holes fly cut, characters 





3. SHEET WASHER — GB-112S. Punched out, characters stamped. 


4. COIL HOLDER—GB-112S. Cut from sheet stock, then sawed 
to shape, drilled in jig, slot end-milled. Work done by C-D-F. 


2. AIRCRAFT TERMINAL BOARD — GB-112S. Customer fabricated 


C-D-F SILICONE DILECTO LAMINATED PLASTIC 
Many of the parts illustrated were manufactured and 
fabricated by C-D-F . . . who has a wealth of experi- 
ence, forward-looking engineering and modern facili- 
ties that can be put to work for you. C-D-F is a 
dependable source of supply for insulating materials, 
and is noted for its fair pricing, for producing high 
quality products on schedule. Why not call in a 
C-D-F sales engineer on your problem. Or, write for 
Technical Bulletins: 


#25—complete data on GB-261S, a fiberglas silicone 
laminate made of a staple filament woven fiberglas 
cloth and silicone resin in sheet form; #:37—covers 
glass base silicone metal clad laminates; #42—post- 
forming grade of glass base silicone in sheet form; 
+23—GB-112S, fine weave continuous filament woven 
fiberglas with silicone resin, sheets, tubes, rods, 
molded shapes. 





THE NAME TO REMEMBER... 


Continental Diamond tibre Company 


NEWARK 23, DELAWARE 
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“Strike if you must, | was 
never in better condition.” 







































CASTINGS 
on the lighter Side 
by WELLMAN 


We've never been in better condition to 
handle your requirements for lightweight 
castings, magnesium or aluminum. 


Our four completely equipped plants and 
staff of competent personnel enable us to 
offer you the finest production facilities. 


Purchasing, engineering, production and 
management men in industries everywhere 
have found the name WELLMAN synony- 
mous with sound castings made under close 
metallurgical control . . . complete facilities 
for a wide range of products . . . a sincere 


interest in their problems. 


We'll be glad to send a representative to call, 
and in the meantime, our new catalog No. 53 
will tell you more about us and our almost 


half century of experience. 








Well-Cast MAGNESIUM AND ALUMINUM CASTINGS 
(Wel Made WOOD AND METAL PATTERNS 


THE WELLMAN BRONZE & ALUMINUM CO. 


Dept. 10, 12800 Shaker Boulevard Cleveland 20, Ohio 





OMETIMES a counselor as well, 
but always a critic, J. P. Hen- 
derson resumes his identification of 
the species—aiming this month at 
a boss a man could well do with- 
out. 


Playing Them Close to the Vest 


Of all the department heads 
from whom I would pray to be de- 
livered, the secretive type would 
appear near the top of the list. He 
corresponds to the poker player 
who keeps his hand carefully con- 
cealed, unfolding it to the mini- 
mum for a quick look with one eye. 

You know the type. He never 
delegates authority. Every deci- 
sion is made by him. Each prob- 
lem that comes up, he settles with- 
out conferences and discussion. 
Then he tells everyone exactly 
what to do. After they have done 
that he calls them in to tell them 
the next step. Many times they 
are completely in the dark as to 
why they are doing this, or for 
what broad plan it is a part. 

Another versien of the same 
type (and I knew one like this very 
well) is the top-secret technical 
man. Somewhere in his desk he 
has some curve sheets, charts and 
formulas. Whenever a certain type 
of technical problem appears it is 
to be brought to him for solution. 
He gives the engineer the answer 
and the engineer proceeds from 
there. 

What an attitude; what a way to 
run a department! Many times 
this same type is the loudest in de- 
ploring what has happened to 
people these days. They don’t 
pitch in and work like they used 
to! They don’t take responsibility 
and he is to be the most pitied be- 
cause he must work so hard and 
do all of these things himself since 
no one under him can handle the 
problems. 

Perhaps his draftsmen and engi- 
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Electric Motors 
for every industry 


When you need electric motors ... in any rating, or 
frame type... one or a thousand . . . always look for 
the Fairbanks-Morse Seal. For over 120 years it has 
stood for the finest in manufacturing integrity to 
all industry. 

Fairbanks, Morse & Co., Chicago 5, Illinois. 


FAIRBANKS-MORSE 


@ name worth remembering when you want the best 


lA ® 
ha 








ELECTRIC MOTORS AND GENERATORS + DIESEL LOCOMOTIVES AND ENGINES + RAIL CARS + PUMPS + SCALES . HOME WATER SERVICE EQUIPMENT + FARM MACHINERY » MAGNETOS 











Food Processing Metal Cutting Textile Manufacturing 
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A COMPLETE LINE— 


3 Designed to Your Requirements 
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SERIES a LAYS 
Balanced ar hoture — 
Can be mobnted in any 











POTENTIAL 
_-- RELAYS 


Precision snap-action 

contacts. Convenient 
board wiring. 

Totally enclosed. 






















OVERLOAD 
PROTECTORS 


Patented bi-metal snap- 
action—inherent pro- 

“tection. Large solder 
terminals. Manual and 
automatic. 





Let R-B-M engineering and production facilities 
serve you. Phone today or write Dept. F-12. 


R-B-M DIVISION 


ESSEX WIRE CORPORATION 


Logansport, Indiana 


Controls for Electronic, 
Refrigeration, In- 
dustrial, Appliance, 
Communication and 
Automotive Industries 
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| Stress Relief 





neers take responsibility; but if so 
(granted they were of average 
ability to start) it is obviously be- 
cause such a boss never gave them 
a chance to develop. 

This type of boss limits growth, 
not only in his men but for his 
organization as a whole. I once 
knew a branch factory with a gen- 
eral manager with this mentality. 
The plant operated with seeming 
success for years (although at 
what cost to the under executives 
and other personnel would be dif- 
ficult to determine). There came 
a time when a sharp expansion was 
required in the plant and its vari- 
ous supervisory departments. The 
whole organization split apart at 
the seams. Now the number of 
decisions became too great for this 
man to make all by himself and 
his men were not trained to fend 
for themselves. The whole mess 
had to be reorganized. 

Consciously or unconsciously 
this attitude often stems from fear. 
The boss is too afraid of himself, 
too afraid of his own position to 
chance developing a rival for his 
job. 

I know of no cure. 
have to outlive this type. 

—J. P. HENDERSON 


You just 





They Say... 


“One of the first things any new- 
comer to industry must learn is 
the importance of human relations 
—living and working with people. 
The engineer particularly must 
avoid the tendency toward over- 
specialization. He should seek to 
develop himself as a whole man, 
with a broad knowledge and a di- 
versity of interests. The engineer 
who looks upon the rest of the 
company as if through the wrong 


end of a telescope is imparing his 


own usefulness and prestige, as 
well as denying himself his rightful 
place. The creative individual’s po- 
tential attainment lies within the 
man himself, and his economic 
worth will be governed mainly by 
how well he can express himself 
as an individual.”” — ALBERT F. 
WATTERS, vice-president in charge 
of personnel, RCA Victor Div., 
Radio Corp. of America. 
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SAVING MONEY BY 


gory! td 


A 3590 POUND 
THROTTLE VALVE BODY 


A large size and intricate shape has 
been forged at Cameron. The result— 
homogeneous shapes, controlled grain 
flow and less machining time. Truly 
a new era in steel forging. 





The horizontal split die has just 
opened after forging a throttle For further information write 
valve body. 


FORGE AND ORDNANCE 
DIVISION 









ZRON WORKS, inc. 
HOUSTON, TEXAS 





The throttle valve body, having 
been pierced by the two side act- 
ing rams and the down acting 
ram, is removed from the die set. 








The manipulator is placing the 
3,590 pound forging to one side for 
further processing. 
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. Temperature range: sealing cones of 


. For all services: sealing cones of Teflon 


. Pressures to 200 psi. 


. Positive drive, axial and radial move- 8. 


's the best shaft seal for many jobs 


* Du Pont trademark 


“John Crane’s” Type 19 Seal is engineered to provide life- 
time performance in small pumps, hot water circulators 
and many other rotary shaft applications. Sealing 
members are cones made of Teflon to provide wide tem- 
perature range, maximum resistance to acids and corro- 
sives, plus extra-long service life. 


THESE OPERATING CHARACTERISTICS AGAINST YOUR APPLICATION: 


washer, ease of application and re- 
Teflon permit operation at — 100° to placement, long life, compactness. 


+450" F. 5. Packaged seal presently designed 


34" dia. 


for small shafts 4, %%, V2, % 


are not affected by water, oils or cor- 6 Tooled for the high production field. 


rosive liquids or gases. 
7. Can be produced in any quantity 


at an economical price. 


“ 


Manufactured in the “pressed-in 


ment, free sliding flexible spring action type where seal unit is held 


to compensate for wear of carbon stationary. 


“John Crane” can be of valuable assist- 
ance to you in any seal application. You 
may be concerned with metallurgy or 
space limitations, or your problem may 
involve rpm. In these and other instan- 
ces, no matter how “stubborn” or difficult, 
just call on “John Crane’”’. 


Write today for full information. 
Crane Packing Co., 
1825 Cuyler Ave., Chicago 13, Ill. 


i Shown with 
stainless steel 
ports 
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Meetings 
AND EXPOSITIONS 


Dec. 13-16— 


American Institute of Chemical 
Engineers. Annual meeting to be 
held at Jefferson Hotel, St. Louis, 
Mo. Additional information may 
be obtained from society head- 
quarters, 50 East 4ist St., New 
York 17, N. Y. 


Jan. 11-15— 


Society of Automotive Engi- 
neers. Annual meeting to be held 
at the Sheraton-Cadillac Hotel and 
Hotel Statler, Detroit, Mich. Ad- 
ditional information may be ob- 
tained from society headquarters, 
29 West 39th St., New York 18, 
N. Y. 


Jan. 18-22— 


American Institute of Electrical 
Engineers.. Winter general meet- 
ing to be held at the Statler Hotel, 
New York, N. Y. Additional in- 
formation may be obtained from 
society headquarters, 33 West 39th 
St., New York, N. Y. 


Jan, 22— 


Malleable Founders’ Society. 
General society meeting to be held 
at Hotel Cleveland, Cleveland, O. 
Additional information may be ob- 
tained from society headquarters, 
1800 Union Commerce Bldg., Cleve- 
land, O. 


Jan. 25-27— 

Plant Maintenance & Engineer- 
ing Conference to be held at the 
Hotel Conrad Hilton, Chicago, IIl. 
Additional information may be ob- 
tained from the exposition manage- 
ment, Clapp & Poliak Inc., 341 
Madison Ave., New York 17, N. Y. 


Jan. 25-29— 


Institute of the Aeronautical 
Sciences. Twenty-second annual 
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Diversatifity rides again 



































Valvair Speed Kings 
are small, light 

in weight, with a 
speed of 600 cycles 
per minute, and 
proven capable 

of 20,000,000 

cycles and up. 


The New Valvair Speed King line is complete — 3-way, 4-way, 
and 4-way-5-port (2-pressure), foot-mounted or sub-base manifold mounted; 
pipe sizes — %4", %", V2", 34", 1". Complete — to fit almost 
innumerable applications. A precedent-breaker in size, weight, speed and endurance. 
Only one moving part. Non-corrosive materials throughout. 
Solenoid and pilot valve parts are totally enclosed, 
but easily accessible. Get all the facts! 
VALVAIR CORPORATION $53 scanosucy ave.. axnow 11, 0. 

REPRESENTATIVES IN PRINCIPAL CITIES 
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Functions and Applications 
of the Greer Accumulator 





GREER TOPICS 





PORTLAND PIPELINE CORPORATION engineers no longer worry about the 
problem of pump pulsations since Greer accumulators were installed on their equip- 
ment. Pressure surges from reciprocating pumps were rendered harmless. See below. 


How Greer Accumulators 
Reduce Pump Pulsations 





PROOF POSITIVE! Hydrauliscope photo- 
graphs, taken before and after the installa- 
tion of Greer accumulators, give conclusive 
evidence that pump pulsations were re- 
duced more than 67% for Portland Pipeline 
pumping equipment. Write or call Greer 
now for special Bulletin 500 that gives 
complete technical data and diagrams on 
pump pulsation problems and corrections. 


Greer Hydro-Pneumatic Accumulators 
have many other diversified functions 





(1) Pressure storage cham- 
ber for main, auxiliary and 
emergency power (2) Press- 
ure-volume compensator for 
leakage and temperature 
(3) Dispenser of fluids and 
lubricants (4) Transfer- 
barrier for fluids and gases 
(5) Shock absorber for line 
shock and pump pulsation. 
Precision engineered to 
make any hydraulic system 
better! Complete data and 
diagrams in Brochure 301. 
Write for your free copy. 


U.S. PATENTS UNDER OLAER LICENSES 


Greer Hydraulics Inc. 454 Eighteenth Street, Brooklyn 15, New York 


Field Offices: 


Actual hydrauliscope tests 
prove pressure surges can 
be reduced as much as 90% 


The most common cause of pipe- 
line and hydraulic system failure 
can be traced to the dangerous pul- 
sations of reciprocating pumps. A 
positive remedy for this hazard is 
the versatile Greer Hydro-Pneu- 
matic Accumulator. 

This compact power package, 
with its unmatched ability to absorb 
shock, renders pump pulsations 
harmless. The result is a smooth, 
steady flow of fluid so vital to effi- 
cient hydraulic operation. 

Are you troubled with a pump 
pulsation problern? Then let our 
experienced hydraulic engineers 
demonstrate how costly downtime 
can be avoided, how performance 
and production can be improved, 
how equipment can be given longer 
life with the installation of a Greer 
accumulator. Write or call today. 


GREE ER 


ACCUMULATORS 










1908 West Cermak Road, Chicago, Illinois * 25 South Main Street, Dayton, Ohio 


2832 East Grand Boulevard, Detroit, Michigan * and sales representatives in all principal cities 


848 









Meetings and Expositions 





meeting to be held at Hotel Astor, 
New York, N. Y. Additional in- 
formation may be obtained from 
society headquarters, 2 East 64th 
St., New York 21, N. Y. 


Jan 27-29— 


Society of Plastics Engineers. 
Tenth annual technical conference 
to be held at the Royal York Hotel, 
Toronto, Ontario, Canada. Addi- 
tional information may be obtained 
from society headquarters, 513 Se- 
curity Bank Bldg., Athens, O. 


Feb. 3-5— 


Society of Plastics Industry. 
Ninth annual reinforced plastics 
division conference to be held at 
the Edgewater Beach Hotel, Chi- 
cago, Ill. Additional information 
may be obtained from society head- 
quarters, 67 West 44th St., New 
York 18, N. Y. 


Feb. 15-17— 


American Management Associa- 
tion. Personnel conference to be 
held at the Palmer House, Chicago, 
Ill. Additional information may be 
obtained from society headquar- 
ters, 330 West 42nd St., New York 
18, N. Y. 


Mar. 2-4— 


Society of Automotive Engineers. 
National passenger car, body and 
materials meeting to be held at 
Hotel Statler, Detroit, Mich. Ad- 
ditional information may be ob- 
tained from society headquarters, 
29 West 39th St., New York 18, 
N. Y. 


Mar. 15-19— 


National Association of Corro- 
sion Engineers. Tenth annual con- 
ference and exhibition to be held 
at the Kansas City Municipal Au- 
ditorium. Additional information 
may be obtained from society head- 
quarters, 1061 M & M Blidg., Hous- 
ton 2, Tex. 
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SHOCK-RESISTANT AND 
DIMENSIONALLY STABLE 


LIGHTWEIGHT, 
COMPACT DESIGN 


oN 


FLAME-RESISTANT, 
UNDERWRITERS’ APPROVED 


Tandy Hornet dasigned. 6 sl. with 
RUG OG 


The new Handy-Hannah Vitalizer is another easy-to-mold, easy- 
to-sell product made with flame-resistant Hercocel A. Its modern 
design and attractive gray housing make the Vitalizer a standout 
on display. Its compactness and sturdy feel induce prospects to 
buy. And its light weight reduces hand fatigue in use. Whether you 
make household or industrial appliances, it will pay to explore 
the economy and salability of the Hercocels. For complete infor- 
mation and details on the design assistance, technical counsel and 
laboratory facilities that go with these thermoplastics, write: 


HERCULES POWDER COMPANY 
Cellulose Products Department, 950 King St., Wilmington 99, Del. 


Molded for Standard Products Corp., Whitman, Mass., by Cowan & Boyden Corp., Providence, R. I. 
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Designing 


Hydraulic Equipment 


. . . for heat dissipation 


By J. Russell Hemeon 
Hydraulic Equipment Engineer 


Ternsted? Div. 
General Motors Corp. 
Trenton, N. J. 


I T IS the responsibility of the de- 

signer to be fully cognizant of 
the heat problem involved in the 
design and performance of hy- 
draulic equipment. The assembly 
of pumps, valves, and piping with- 
out careful analysis of anticipated 
pressure may develop an excessive 
sump oil temperature. Time cycle 
of operation, Btu’s per hour gener- 
ated, and balancing capacity for 
heat dissipation are factors that 
enter the picture. Tank capacity 
and its design are important. Rates 
of cooling from air flow over thin- 
wall steel tubing, fin coolers, cham- 
ber capacity, and water coolers 


must be evaluated. The end re- 
sult is to provide an economic heat 
dissipation system which will in- 
sure a satisfactory sump oil tem- 
perature. The dividend is increased 
oil and pump life with extended 
periods between preventive main- 
tenance overhauls. 


Assembling vs Designing: An 
early model of a bender is shown 
in the upper half of Fig. 1. This 
bender was simply assembled with 
little thought given to heat flow 
efficiency. Contrast the limita- 
tions of this unit with develop- 
ments made in the designed bender 


Fig. 1—Comparison of poorly designed bender, upper half, and well de- 
signed bender, lower half 











1950 DESIGNED BENDER 


— 
a 








HEAVY DUTY, 7000 B.T.U. PER HOUR 
TANK CAPACITY - 60 GALLONS 

DOUBLE PUMP - 16 AND 31/3 GPM 
THIN WALL TANK SIDES TRANSFER SUMP 
Ou BTU..S TO FLOOR AIR 

TE.F.C. MOTOR, FAN COOLS HOT PUMPS, 
PRESSURE TUBES, WORK TUBES 

TUBING WITH LONG RADIUS BENDS 

wo ELBOWS 









1938 ASSEMBLED BENDER 


oe 





LIGHT DUTY, 7500 BTU. PER HOUR 
TANK CAPACITY - 28 GALLONS 

SINGLE PUMP AT II G.P.M 

TANK WALLS PARTIALLY BLOCKED FOR COOL FLOOR 
AIR, FLOW RADIATION 

EXPLOSION PROOF MOTOR DOES NOT MOVE ANY 
AIR. LOCAL HOT SPOT 


PUMP PIPED WITH ELBOWS AND UNIONS 














DESIGN 
ABSTRACTS 










shown in the lower half of Fig. 1. 
This designed unit had good con- 
trol of heat generation and higher 
heat dissipation capacity. The 
trend of oil life improvement with 
the designed bender is depicted in 
Fig. 2. These curves show the hy- 
draulic oil “yield point” at 4,000 
hours on 1938 assembly, against an 
anticipated 14,000 hours for 1950 
design. Oil life yield point is sim- 
ilar to its cognomen in steel. Oil 
life yield point is defined as the 
sharp change from a constant rate 
of increase in the value of the Con- 
radson carbon content and acid 
neutralization number. After abuse 
of hydraulic oil, particularly by 
operating at an elevated sump tem- 
perature, oxidation increases espe- 
cially from high temperature ab- 
sorbed air. This results in a mo- 
lecular breakdown with an attend- 
ant lack of lubricity. When oper- 
ating at 140 F, the yield point is 
reached at 4000 hours as shown in 
the upper half of Fig. 2. Design 
which limited oil temperature to 
about 115 F increased oil life yield 
point to 14,000 hours. To achieve 
results a careful estimate of the 
expected generated heat must be 
made, and then the equipment 
must be designed with sufficient 
heat dissipation to obtain a de- 
sirable sump oil temperature. 





Heat Generation: The best meth- 
od to evaluate the factor of heat 
generation is to compute the pump 
output in terms of Btu per hour. 
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Fig. 2—Right—Hydraulic oil life 
comparison data of designs in Fig. 1 


In Fig. 3 the development is shown 
for a basic formula which converts 
psi pressure into feet of head, and 
actual gallons per minute into 
pounds per minute. Note that the 
formula, Btu per hour K x 
1.482 x psi X gpm contains a K 
factor. This is the factor for pump 
efficiency and percentage of air in 
the oil. Well designed 1953 equip- 
ment employs a K factor value of 
1.65. 

The poorer the design the higher 
the K factor; some have been in- 
vestigated that had a value as high 
as 1.8. One of the worst offenders 
for raising this K factor and thus 
generated Btu is too high a per- 
centage of air entrapped in the oil. 
It is not sufficient to simply speci- 
fy an antifoaming agent in the oil. 
All return tubing must be sub- 
merged and oriented to obtain the 
desirable long-flow heat transfer 
and air escape potential. Intake 
tubing to the pump must be made 
of one piece and tight to eliminate 
air suction leaks. That percentage 
of leaked or entrapped air, admixed 
with oil, when compressed to 600 
psi will have a theoretical air tem- 
perature in the range of 1000 F. 
It is recognized that the percentage 
volume of air in oil is small, but it 
has been found that excess en- 
trapped air has raised the sump 
oil temperature as much as 25 per 
cent. 

The hot compressed air mole- 
cule does fry the microscopic film 
of oil surrounding the air and thus 
gradually hastens the yield point 
breakdown. Undue _ restrictions, 
undersize control valves and fit- 
tings, with high pressure drop 
losses, small tubing with a high 
Reynolds number are also sources 
of unnecessary heat generation. 
These detrimental factors must be 
eliminated or limited to minimize 
the value of K. 


Pressure vs. Time Curve: To de- 
termine the mep (mean effective 
pressure) for use in the Btu gen- 
eration conversion formula a pres- 
sure-time curve is necessary. The 
best way to anticipate a curve for 
a proposed design is to make an 
accurate plot of production opera- 
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1938 ASSEMBLED BENDER 
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PRODUCTION ~- 450 PIECES PER HOUR 
AIR 65°F. 
AIR 73°F. 
OIL LIFE YIELO POINT 4,000 HOURS 


SHORT TIME SPAN BETWEEN PREVENTIVE 
OVERHAULS 


! SUMMER OIL TEMP, 140°F. 
WINTER OIL TEMP. 130°F. 


MAINTENANCE 





-_ 


- 
THOUSAND HOURS - SERVICE LE 
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1950 DESIGNED BENDER 
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PRODUCTION - 480 PIECES PER HOUR 
SUMMER OIL TEMP 16°F. AIR 63°F 


WINTER OIL TEMP. II3°F. AIR 72°F. 


OIL LIFE YIELD POINT NOT YET REACHED. 


ANTICIPATE 14,000 HOURS. 


LONG TIME SPAN BETWEEN PREVENTIVE 
MAINTENANCE OVERHAULS. 
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Fig. 3—Below—Btu generation conversion example 





PROJECT : 


(B.T.U. PER HOUR ). 


TO SET UP THE DATA TO BE USED IN A FORMULA WHICH WILL CONVERT 
PUMP PRESSURE (P.S.I.) AND PUMP VOLUME (G.PM.) INTO RATE OF HEAT GENERATION 
THIS IS A FUNDAMENTAL STEP FOR THE DETERMINATION OF TANK 


SIZE AND THE CORRECT SELECTION OF RADIATION PROVISION AND COOLING 
REQUIREMENTS THAT WILL RESULT IN THE DESIRABLE SUMP OIL TEMPERATURE OF II5°F 


CONVERT P.S.!|. TO PRESSURE HEAD IN FEET 





144 + 62.43 X 0.878 (AVG. SP GR. HYD. OIL) = 2.621 X PS! 


CONVERT G.RM. TO POUNDS PER MINUTE 


= FT. OF OIL HEAD 





8.3457 LBS. OF WATER//GAL. X 0.878 = 7.3275 LBS. OF OIL/GAL. 


WORK - FOOT POUNDS 





2.621 X 7.3275 


777.5 


.. B.T.U. PER HOUR®= Kx 1.482 PS.I.x G.PM. 


xX 60 = 1.482 





K = FACTOR FOR PUMP EFFICIENCY AND PERCENTAGE AIR IN OIL 
K= 1.05 FOR AVERAGE INSTALLATIONS 








EXAMPLE : THE sTUDY OF A TYPICAL PT.S. DIAGRAM SHOWS A ME.P. ( MEAN EFFECTIVE 


PRESSURE ) OF 250 PS.I. WITH A PUMP RATED AT 11 GPM. WHAT IS THE B.T.U/HOUR ? 


B.T.U./HOUR = 
=I 


K X 1.4862 X PSI.X GPM 
05 X1.482X 250 X 11.0 
= 4279.3 








Fig. 4—Below—Final pressure-time-solenoid hot chart for determining opti- 
mum psi and time for minimum heat generation for typical stretch bender 
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Design Abstracts 





tion for each new machine. The 
desired force expected from the 
hydraulic equipment must be trans- 
lated into an anticipated working 
pressure. Initial design should be 
based on a working pressure of 500 
psi. A final PTS (pressure-time- 
solenoid hot) chart for a typical 
stretch bender is shown in Fig. 4. 
For use in the conversion formula, 
integration under the curve shows 
an mep of 254 psi for an overall 
time of 5.25 seconds. This con- 
verts to a theoretical 5900 Btu per 
hour with K equal to 1.1. This 
curve was made after final opti- 
mum adjustments. 

It is common practice to set the 
pump relief valve 20 per cent 
above the peak demand. On this 
bender, there was a ram return 
inertia starting demand of 800 psi. 
This would establish the relief 
valve at 1000 psi. In consequence, 
the slow cushioned stretch, dump- 
ing excess pump volume over the 
relief valve would have resulted in 
an mep of 398 psi and a corre- 
sponding 9100 Btu per hour. “De- 
capitation” of the relief valve set- 
ting to 700 psi as shown, cushioned 
the start of the ram return and 
materially reduced the area under 
the pressure curve where the slow 
cushion stretch was making heat 
at the relief valve setting. 

There is an upper mep of 437 psi 
in Fig. 4 for the hydraulic time 
cycle of 2.95 seconds. This is equiv- 
alent to 9900 Btu per hour. The 
ratio of hydraulic time Btu to 
overhaul time Btu at 1.68 is above 
a critical 1.5 to 1 ratio and re- 
quires special treatment with extra 
heat dissipating capacity. 

In aircraft, parasitic drag is 
eliminated or reduced in airfoil 
flow design. To obtain top hydrau- 
lic performance, parasites must 
be recognized and similarly elimi- 
nated. One of the worst parasitic 
drags comes from cheap unstable 
oil which does not possess long life 
stability and lubricity. It is of the 
utmost importance to specify a 
quality hydraulic oil that will meet 
the limitations of individual units. 
Low grade oil may cause trouble in 


Fig. 7—Right—Five effective meth- 
ods for air cooling hot oil 
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FRONT OF MACHINE —— 


™~, 


CHAMBER COVER ae 


CHAMBER 


a FIREWALL ( FOR VALVE MTG) 
TANK ROOF 


On Gace “F’ 


A” SQUARE INCHES OF STEEL TANK DiSS:/PATING SUMP OlL TEMPERATURE 

"B” SQUARE INCHES OF VERTICAL STEEL TANK DISSIPATING AIR OVER OIL TEMPERATURE 
C” SQUARE INCHES OF FLAT TANK ROOF DISSIPATING AIR OVER O1L TEMPERATURE 

D” SQUARE INCHES OF FLAT CHAMBER COVER DISSIPATING AIR CHAMBER TEMPERATURE 
— ARE INCHES OF TOP SURFACE OIL IN TANK 

of mang poole CAPACITY = LENGTH (L) X wi0Tr (w) X DEPTH (0) * GALLONS 

G” CUBIC FEET OF AIR IN TANK AND CHAMBER 








Fig. 5—Above—Oil tank design for efficient heat dissipation 
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TANK CAPACITY BALANCED IN DESIGN 
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Fig. 6—Above—Comparative features of poor and good tank design 













TOTALLY 
ENCLOSED 


BTU. RADIATION TO_AIR By TE FC. MOTOR 


“AFTERCOOLER” FINS IN AIR INTAKE FOR MAX. DISSIPATION AND HIGH ABSORBED AIR. 
“aAFTERCOOLER” TUBINGS IN AIR DISCHARGE wiTH MEDIUM 6.T.U. GENERATORS. 

PUMP BODY TEMPERATURE HELO DOWN BY AIR DISCHARGE SLIP STREAM. 

FIN COOLERS ON SHORT LINES WITH HIGH VOLUME DEMAND TO WORK CYLINDERS. ’ 
FIN COOLER FROM “T” PORT OF SPRING CENTERED 4 WAY VALVE WITH A LONG “FREE WHEEL’ 
THIN WALL STEEL TUBING. ELIMINATE UNIONS, ELBOWS, ORIFICES. LONG RADIUS TUBES. 
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... BUT aa sa 
with RACINE Agdrautée PUMPS 


High pressure holding is economical with RACINE 
Variable Volume Pumps. They will automatically 
cease their pumping action but maintain full pres- 
sure in the system. Instant change from no volume 
to full volume insures smooth, sure application 
of hydraulic force. Horsepower requirements are 
measured by the actual needs of the job — all of 
the oil is put to work. 

















RACINE Variable Volume Pumps elimi- 
nate the need for relief valves — reduce oil 
heating — save horsepower and lower the 
over-all cost of most circuits. 














Various standard governors are available for 
RACINE Pumps. These governors develop the 
pumping action that will best handle special 
requirements of the circuit. Maximum eff- 
ciency is assured. 











The graph to the right il- 
lustrates the horsepower sav- 
ings in a simple press circuit 
using a RACINE Variable 
Volume Pump and Pressure 
Booster. The colored area 
represents the bypassed oil 
from a consant volume 
pump—lost power that is 
saved with RACINE Equip- 
ment. 


INPUT HORSEPOWER 





TIME (Seconds) 


sed Way Pressure Boosters ae & 
alves , eservoir 
0 T H 3 R "= , Units 


RACINE 
HYDRAULIG 
PRODUCTS 








Write for complete catalog and engineering data. 


' ety — 
[ > > 
Ber) FAA CHINE nyorauiics & MACHINERY, INC. ( AALIES 


l= ere 2073 Albert Street, RACINE, WISCONSIN, U. S. A. 
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less than 1000 hours. This is evi- 
denced by sludging and starving 
intake filters, scoring, varnishing 
and pitting pump and valve parts. 

Another source of drag is insuf- 
ficient lubrication. Design must 
incorporate adequate accessible oil 
and grease fittings. The lubrica- 
tion engineer must set up that cor- 
rect periodic schedule for hours of 
satisfactory performance between 
servicing, with the correct type and 


quality of lubricant. Automatic 
lubrication is now a must on ma- 
jor units. 

Particular emphasis is placed on 
the necessity for full floating hy- 
draulic cylinders to eliminate mis- 
alignment loads from a sprung pis- 
ton rod on the stuffing box seal. 
Friction makes heat and calls for 
more pressure. 

Reduce the Btu generation in de- 
sign, and then evaluate the amount 
of heat to be made and select the 
correct dissipation potential by ra- 
diation, fan cooling, and water cool- 


Fig. 8—Below—Comparison of laminar and turbulent flow 
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Fig. 9—Below—Chart to insure nonturbulent flow in hydraulic equipment 





BY A REYNOLDS 


OPTIMUM HEAT DISSIPATION IS OBTAINED BY SELECTING 
THAT TUBE SIZE WHERE NON TURBULENT FLOW IS LIMITED 
NUMBER LESS THAN 2000. 
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ing to make sure that economic 
performance will result. 


Radiation Cooling: Radiation 
shall be construed to encompass 
the provision for the tank to trans- 
fer heat from the return oil 
through the thin tank wall to the 
cool floor-level air, this radiation 
to be further augmented by the 
transfer of hot-chamber air 
through the chamber cover and 
walls. 

A successful type of tank cham- 
ber design to handle up to 10,000 
Btu per hour is illustrated by Fig. 
5. The various control factors A 
to G must be studied and balanced 
to come within floor space restric- 
tions for the best radiation effi- 
ciency. 

Careful preparation of scale lay- 
out drawings results in time saved 
on the erection floor. Also, a scale 
layout helps the designer think 
the job through and eliminates el- 
bows and pockets that will make 
hot spots. 

The essential features of poor 
and good tank design are shown in 
Fig. 6. The gallon capacity of the 
tank may vary between 3 and 5 
times the rated pump capacity. 
Key pointers for successful design 
are given in Fig. 6 and should be 
studied with care. In this design 
it was permissible to use 14-inch 
steel plate tank walls for a rapid 
rate of heat transfer. Tool, die, 
and table top load were supported 
on 1 by 6 inch vertical steel pilas- 
ters. 

Notice in the good tank design 
that the mid-tank baffle does not 
extend across the full width of the 
tank. Toward the forward wall of 
the tank is a four-holer Lisle mag- 
netic plug assembly. This unit 
magnetically holds the micron fine 
particles of abrasive matter that 
would otherwise pass through the 
suction filter and act as a lapping 
compound which will affect the life 
of the pump cartridge. Magnetic 
plug assembly is under the cham- 
ber cover, permitting easy removal 
for cleaning while the machine is 
in operation. 

The suction filter is also acces- 
sible through the chamber cover 
and is made up hand tight on a 
short nipple for service replace- 
ment without shut down. Too many 
designs bury the filters with the 
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Sealing Data you’ve never had before 


Here are Here are And here is 

the SAE-ASTM the SAE-ASTM the VICTOR 

Gasket Materig]/ Material EQUIVALENT 
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Classifications of each item 
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Natural and/or Synthetic Rubber and 
Asbestos (Compressed) 


Group 2 — Oil Resistant 
G-1121 
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x. Temp. iL& Aromatic Fuel Victopac #60-V 
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Fuel Resistance (SB) 
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G-1423-3 


Oil & Aromatic Fuel 
Resistance (SC) 








Classi5 — Natural and/or Synthetic Rubber and 
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Grogp 2 — Oil Resistant 
em 3 — Max. Temp. & Fair 
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G-1523-3 Oil & Aromatic Fuel 
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Treated Paper 
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Oil, Water and Gasolin 
resistan 
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pregnated Compositions (Wood, Cork, 
Leather e 
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FINGER.- TIP 
by 







*. . . for Machine tools and 
other applications 


Modern industrial electronic engineering has been coordinated 
with electric motor design to provide a versatile means for ob- 
taining the full possible advantage of speed control in DC 
motors while operated from the regular alternating current 
power line. Grid controlled “Thyratron” tubes are utilized for 
power conversion in controlled stepless variation to supply 
motor armature power. Patented feedback, or “Servo”, circuits 
provide constant torque capability over wide speed ranges of 
as high as 60 to 1 in some models and a minimum of 20 to 1 
in others. Speed changes may be made while in operation from 
points remote to the motor installation. Standard models in 
ratings up to and including 3 horsepower are available for 
prompt delivery. 


Your application problems for lora 
the prompt attention of our sales engineers. 


t ti dels will receive 





DIV. of ELECTRO DEVICES, Inc 
Paterson, N. J 


4 Godwin Ave. 
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| result that they are not serviced. 


_ A clogged filter creates a semivac- 








| 450 psi. 


uum in the pump intake system to 
produce a pump “anvil chorus”. 
The pseudomechanic fixes the job 
good by removing once and for all 
the clogged filter so the pump will 
not knock again. 


Fan Cooling: The totally - en- 
closed, fan-cooled pump motor and 
the arrangement of thin wall steel 
tubing and fin coolers can be effec- 
tively employed in the influent and 
effluent air stream to dissipate heat 
economically from the hot oil flow 
in tubing. 

In Fig. 7 a schematic hydraulic 
flow diagram is presented using 
two pumps and an accumulator to 
power a three-function circuit. This 
diagram shows five possible meth- 
ods of motor fan cooling to dissi- 
pate heat for attaining the desired 
stabilized sump oil temperature. 

Circle 1 shows hot pump oil giv- 
ing up heat by means of an after- 
cooler fin assembly located at the 
cold air intake to the motor. This 
arrangement is a must where 10,- 
000 Btu per hour are generated. 
Fin aftercooling should also be 
used where the tank-chamber di- 
mensions are limited to the extent 
that it is impossible to anticipate a 


| good temperature differential be- 


tween return oil and intake oil. 
When peak pressures are in the 


1000 psi range and there is not 


complete protection to minimize 


_ the percentage of absorbed air in 


the oil, this system is advised to 
effectively and immediately reduce 
the extreme high temperature of 


| the air molecules. 


Circle 2 presents pump after- 


| cooler tubes making an immediate 
| “U” bend into the air discharged 
| from the motor. 
| nomic selection for units generat- 
| ing less than 8000 Btu per hour 


This is an eco- 


and where the mep does not exceed 
The large pump tubing 
should be hign and the small pump 
tubing should be low to realize the 
best results. 

Circle 3 depicts the effluent air 
stream completely enveloping the 
pump. This is an inherent charac- 
teristic on all totally-enclosed, fan- 
cooled motor installations. The 
pumps are the “frying pans” where 
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C : 
tn Here’s what we mean by SUPERIOR 
ENGINEERED FOUNDRY PRODUCTS... 





PROBLEM: 


a 
vege 
~* y ue 
¥ 


“OUR SOLUTION: 


B Metal becomes solid at thin section first, cuts off 
all feeding action from heavier center section 
to outer rim — causing occasional shrink holes 


Heavy outer rim required excessive feeding 
risers in addition to the large riser needed for 
feeding the heavy center section. 


Metal solidification starts at thinnest point ee | 
and progresses toward heavier center section 


requiring only one feeding riser. 


3 Modified design gradually increases section from 
outer rim permitting metal to become solid pro- 
gressively toward hub, eliminating shrink holes. 


RESULT: 17.6% SAVINGS 


DETROIT 35, 18050 James Couzens Highway - CHICAGO 4, 332 S. Michigan Ave. 
BUFFALO, 2107 Kensington Ave. 


Th SUPERIOR STEEL AND MALLEABLE CASTINGS CO. 


BENTON HARBOR, MICHIGAN, U. S. A. 


Making Good Castings For Quality-Conscious People Since 1916 


SALES OFFICES: 
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From Jet Bomber Parts 


to Gas Range Burners 
MUELLER BRASS CO. 


Aluminum Forgings Sa 
Weight, Save Finishing 
and Provide the Sam 


Strength as Steel 


If weight and strength are important factors in your prod{ 
then Mueller Brass Co. forged aluminum parts may be your 


best bet. Mueller aluminum forgings weigh only 3 as al 
ideal 


as stee!, yet they are approximately as strong. They ma 


parts for many applications and they are particularly erin 


parts for high speed rotating and oscillating machines becaus 
reduce vibration and bearing loads, thus causing less 

other parts. They possess good dimensional stability 

retain their mechanical properties at high speeds 

reasonable temperatures. The smooth, brigh 

surfaces save machining time and eliminate costly finishing. 
Mueller Brass Co. can forge aluminum parts to your specificatic 
in any practical size and shape from any of the standard 


Ve 


Time 


= 


ct, 


they 
wear on 
and 


and 


Ms 





or special alloys. Write us today for complete information. —_ 


MUELLER BRASS CO. 


PORT HURON 15, MICHIGAN 
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pressure and temperature are pro- 
duced. 

At circle 4 is a pair of after- 
cooler fins located in the influent 
air stream, This is not the most 
economical design and should only 
be employed as a last resort. Also 
this arrangement should only be 
used when the cylinder demand 
volume is high and the tubing runs 
are short. If these limitations are 
not observed, the oil volume will 
only shuttle back and forth in the 
fin tube. There is no appreciable oil 
slug progression to transfer cooled 
oil to the sump efficiently. On 
certain installations where the 
work cylinder is relatively high 
and consequently forms detri- 
mental air pockets, it has been nec- 
essary to use a combination bleed- 
er and check device to insure pro- 
gression of air molecules entrapped 
in oil slugs for venting in the tank. 
This bleeder-check has eliminated 
soft sponge-like tool advance. If 
a bleeder-check to the tank is de- 
signed into the circuit, the use of 
an aftercooler fin at point 4 can 
be justified. 


Heavy Duty Cycles 


The use of a fin cooler located at 
the influent air stream to the mo- 
tor is shown at point 5. This sys- 
tem is highly beneficial when the 
‘cycle time is made up of more than 
40 per cent of unload and load time. 
In this time, the pump must “free 
wheel”. To accomplish this free 
wheeling requires a four way valve 
that is tandem center or open cen- 
ter and spring centered. Both sol- 
enoids must be dead to permit the 
pump to free wheel full oil volume 
from the P to T port at no pres- 
sure. Hence each volume-time slug 
of no pressure, no temperature rise 
oil, is supercooled at the fin cooler 
and enters the tank at a substan- 
tially lower temperature. On heavy 
duty cycles up to 12,000 Btu per 
hour, some designs have incorpo- 
rated an outside location of return 
oil tubing. With an origin at the 
T port of the four-way valve, this 
tubing bulkhead unions through 
the firewall for a first stage cooling 
in the effluent air, and then passes 
outside the motor with long radius 
bends for a second stage cooling 
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HOW TO FILTER ACID PLATING SOLUTIONS 


." = 


another successful product design 
with piping equipment by CRANE 


Belke Manufacturing Co., of Chicago, Ill., has an answer to the problem of 
filtering acid plating solutions. 

In the compact Belke unit, chemically inert Lucite plates inside a filter bag 
provide large surface for fast, effective filtering. All tanks and piping are rubber 
lined to nullify the corrosive action of the plating solutions. Finding valves for 
such severe service was not as difficult as you might imagine—they’re Crane 
rubber-lined diaphragm valves, regularly available. 

In your day-to-day designing, you, too, will find the piping equipment you 
want in the broad Crane line. You’ll also find that specifying goes quicker, since 
the Crane Catalog provides complete data ... sizes and dimensions, tempera- 
ture and pressure ratings, plus details on materials and construction. But even 
more important, when you specify Crane, you specify quality that protects the 
value of your product. 


YOU'LL FIND IT HERE 
-.-IN YOUR 
*\ CRANE CATALOG 





THE BETTER QUALITY...BIGGER VALUE LINE...1IN BRASS, STEEL, IRON 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES * FITTINGS ¢ PIPE °* 
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Crane Y-Pattern Diaphragm Valves... 
preferred by so many designers for their 
safety and versatility. Crane design assures 
long diaphragm life, positive shut-off in 
case of diaphragm failure, accurate seat- 
ing, better flow centrol. They're easy to 
operate ...simple to maintain. Specify 
your choice of body materials, trim mate- 
rials, full linings in screwed or sliding stem 
patterns. Unlined valves available with 
screwed or flanged ends. Lined valves, 
flanged ends only. Sizes up to 6 inch. 


THRIFTY 
\ BUYER 
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PRODUCERS OF AIRCRAFT AND INDUSTRIAL INVESTMENT CASTINGS 


































PRECISION 


INVESTMENT 
CASTINGS 


BE SURE TO SPECIFY 








MISCO PRECISION CASTINGS 


@ ELIMINATE EXPENSIVE MACHINING OPERATIONS 


@ PERMIT LARGE QUANTITY PRODUCTION IN MATERIALS DIFFI- 
CULT OR IMPOSSIBLE TO MACHINE 


@ MAKE POSSIBLE REPRODUCTION OF INTRICATE SHAPES 
AND DESIGN IN FINE DETAIL 


@ MAINTAIN DIMENSIONAL ACCURACY DOWN TO PLUS OR 
MINUS .005 PER LINEAR INCH 


@® ACHIEVE 70 TO 80 MICROINCH SURFACE FINISH 


[ PIONEERS IN CARBON 
T STAINLESS AND HIGH-TEMPERATURE 
L PRECISION CASTINGS 


Mbuw Leeson Casting Company 
WHITEHALL, MICHIGAN 


PLANTS AT: DETROIT AND WHITEHALL, MICHIGAN 
OFFICES IN PRINCIPAL CITIES 
TELEPHONE: WHITEHALL 2-1515 
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in the influent air. The path is 
through the firewall again for an 
advantageous submerged and 
pointed location. 

On lighter duty cycles, this de- 
sign can save the cost of a fin 
cooler by using large size tubing 
at a Reynolds number well under 
2000. In consequence, first and 
second stage progressive tube cool- 
ing is the epitome of free wheeling 
Btu transfer. 

It is necessary when selecting 
the motor size not to exceed the 
recommended horsepower rating. 
Overloaded motors will have a 
higher effluent air temperature 
and a much lower cooling capacity 
for the conditions presented by cir- 
cles 2 and 3. In the design and 
construction of hydraulic equip- 
ment, take advantage of T.E.F.C. 
cooling to reduce the marginal cost 
of water to auxiliary coolers. 


Reynolds Number Limit 


The estimable work by Osborne 
Reynolds is well documented in 
current textbooks. There is only 
meager emphasis on limiting some 
of the variables and making a prac- 
tical application to a recognition of 
the Reynolds number, R, for ob- 
taining optimum heat dissipation. 
The ineffective, time-worn rule, 
“Flow velocity in power tubing 
should not exceed 15 feet per sec- 
ond,” must be discarded as it does 
not accord recognition to the vital 
operating viscosity of the oil that 
is used. 

In Fig. 8 a comparative scaled 
evaluation is shown for the flow of 
No. 150 SSU hydraulic oil through 
34-inch diameter, 0.065-inch wall- 
thickness steel tubing. At 115 F 
the viscosity is 111 SSU. As shown 
on the left side of Fig. 8 a 7.5 gpm 
pump will develop a_ theoretical 
mean flow velocity of 8 feet per 
second. In the true analysis, the 
velocity flow has vectors with a 
maximum flow, U»., = 15 feet per 
second of the polar center, Under 
these conditions with the Reynolds 
number of 1655, the flow is lam- 
inar or streamline and good heat 
transfer will be provided. On the 
right side, a 14.1 gom pump de- 
velops the old accepted mean flow 
V = 15 feet per second. The w,,, 
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lothes come clean 
... at home 


“Cleaner!” “Whiter!” “Quicker!” Those sprightly 
soap jingles would be meaningless, without the 
help of the modern washing machine! 


The greatest compliment a housewife pays 
her washing machine is that she takes it for 
granted. She pushes a button... it operates 
automatically. On many of America’s best known 
washers and driers that button starts an Emerson- 
Electric motor. 


A background of 63 years of motor manu- 
facturing experience stands behind Emerson- 
Electric motor design and production, offering 
the right motor for every job, in ratings from 
1/20 to 5 h.p., or hermetic motors ¥ to 20 h.p. 


Consider the advantages of Emerson-Electric 
motors when planning your long-range pro- 
gram for top-flight leadership ratings on your 
equipment. 


THE EMERSON ELECTRIC MFG. CO. 
St. Lovis 21, Mo. 


EMERSON - — unique 
[wie 
SERVICE 


solves your power problems 














Our engineers are eager to work with yours in 
designing and providing the correct motor for 
contemplated new or improved appliances 
or equipment. “TWIN-GINEERING” 
saves costly engineering “‘back-tracking,” and 
may suggest short cuts and product improvement, 
Write today for Bulletin No. 461. 
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/MEETS YOUR 
fF EVERY TIME | 
by the yard - cut to order 





. y From oil seals and wicking to weatherstrip and noise 
Sy dampeners, there is a grade of Felters Felt that can solve 
your specific engineering problem. 
For technical information about many of the usual 
and unusual jobs you can do with felt, write for a copy 
of the “‘Felters Design Book”’. It contains 


drawings, data and information to use when considering 


felt for any application. 


the FELTERS 


Company 
218 South Street, Boston 11, Mass. 





Pas > 
LS Color, thickness and consistency of Felters Felt are almost as varied 
as your imagination can make them. For the unusual in Felt, call Felters. 
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is 18.8 feet per second. The Rey- 
nolds number is 3100. The veloc- 
ity vectors are turbulent and the 
Btu is materially reduced. 

Current design practice requires 
a selection of tubing size that does 
not permit the Reyholds number 
to exceed 2000. In a case history 
example, a hydraulic machine was 
using combined power and free 
wheeling cooling with 34-inch tub- 
ing. The tubing had a strong fin- 
ger-touch vibration and a Reynolds 
number of 2700. The stabilized 
sump oil was at 121 F or 100 SSU. 
The only design change was an in- 
crease of the two-stage tube cool- 
er to 1 inch tubing. Vibration was 
completely eliminated, the Rey- 
nolds number computed to be 1550. 
The sump oil temperature was re- 
duced and stabilized at 111 F or 
120 SSU. 

It is advisable to design for an 
optimum sump oil temperature of 
115 F where the operating viscosi- 
ties are 111 and 203 SSU respec- 
tively. Hot operating, oil tempera- 
ture thins out the viscosity and in- 
creases the Reynolds number. 
When BR is above the critical value 
with turbulent oil flow, the heat 
dissipating potential is reduced 
and an inflationary spiral is in 
progress. 

Reynolds number, critical veloc- 
ity, viscosity, and heat dissipation 
must all be correlated for optimum 
design performance. 

A rough analysis of a hot sump 
oil tank or a vibrating pipe may be 
made by using the chart in Fig. 9. 
Locate the particular pump gpm 
on the ordinate and move to the 
right until the tube size diagonal is 
intersected. This intersection prob- 
ably will be to the right of the 
dotted oil curve if the oil flow is 
in turbulence. 


Water Cooling: On high duty cy- 
cles of operation where there is 
insufficient radiation and fan cool- 
ing capacity to balance the gener- 
ated heat, it becomes necessary to 
design water cooling in. For ex- 
ample a piece of die casting equip- 
ment with a K of 1.5 generated 
33,000 Btu per hour and required 
7 gpm cooling water. The equip- 
ment was redesigned which result- 
ed in the reduction of K to 1.2. The 
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A BORG-WARNER 


imoustTeRy 





Compact, powerful, custom-built A.C. or D.C. 


Wherever you need electric motors for maximum 
power in minimum size, Pesco has the basic co-ordi- 
nated frame sizes and power elements you’ll require. 


For example—Pesco motors are now in use for: 
cooling (blowers for electronic equipment), tuning 
(radios and automatic finders), scanning antenna 
(civilian and military), antiaircraft radar fire control, 
as well as pump drives and mechanical actuators. 

By using standardized parts in a series of six co- 
ordinated frame sizes, Pesco can provide you with 
electric motors for electronic applications with volt- 
ages from 6 to 120 volts D. C.; from 1/100 to 6 


motors for ELECTRONICS and ELECTRO-MECHANICS 


H. P. for operating speeds up to 15,000 R. P. M. 
Special, high-altitude design will operate from —65° 
to + 165° F. 

Pesco high-frequency A.C.induction motors, squir- 
rel-cage type, are built in a series of 5 co-ordinated 
frame sizes to meet horsepower requirements of .01 
to 9.0, at 400 cycles per second. 

Motors in these frame sizes can be built for your 
specific frequency, using standard parts to obtain 
the speed and power rating desired. Consult our 
Engineering Department concerning your require- 
ments. Strictest confidence—and no obligation, 


of course! 





PRODUCTS DIVISION 





BORG-WARNER 


24700 NORTH MILES ROAD 


CORPORATION 


BEDFORD, OHIO 


















The HYDRECO Hollow Plun- 
ger Control Valve. 





The HYDRECO Cylinder con- 
trolling the dipper. 


Hydraulics Fat More Dig 
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The famous FOUR ~ Deluxe Pippin Excaveter, built by Cone Auto- 


BOLT Design matic Machine Co., Inc., Windsor, Vt., 
HYDRECO Hydraulic 
Pump as installed in 
photo at left. 


Od Poworud by 
HYDRECO 


HYDRAULIC EQUIPMENT 


The new Pippin Digger does the work of many 
strong backs without a drop of perspiration... 
and it’s HYDRECO Oil Power that supplies the 
muscle and wrist action! The operator simply 
flips his controls and digs a precise trench, pit or 
excavation. Whether the surface is level, rough 
or sloping he can control his work at all times. 

The famous Hydreco Four-Bolt Pump deliv- 
ers the power...seven Hydreco Cylinders pro- 
vide the linear motion for each function... the 
Hydreco Selector Valve enables the operator to 
stabilize the digger and operate the dipper stick 
with a single hydraulic circuit. Throttling is ac- 
curate, there are no momentary load drops and 
the dipper stick goes when and where the oper- 
ator wants it! 

Design your circuits around HYDRECO! 
Pumps 3 to 130 gpm....Motors to 52 hp.... 
Hollow Plunger Control Valves 5 to 80 gpm.... 
a complete line of single-acting, double-acting 
and telescoping Cylinders for operating pressure 
to 1500 psi. Write today for full information on 
HYDRECO Oil Power. 


HYDRECO DIVISION 










THE NEW YORK AIR BRAKE COMPANY N 


1106 EAST 222nd STREETe@ CLEVELAND 17-+OHI0 





distributed by PIPPIN CONSTRUCTION EQUIP- 
MENT, INC., White River Junction, Vt., digs 
to 10’ depth; lift 12’; reach 16’; swing 1214’. 
Digs 10-foot trench without moving tractor. 


Yes, the PIPPIN Digger is 
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unit only generated 26,000 Btu per 
hour and required but 0.9 gpm 
cooling water. 

The new design had more effi- 
cient radiation characteristics, too. 
A close-up view of a heat exchang- 
er system on the side of the tank 
of this die cast machine is shown 
in Fig. 10. The fully automatic 
system had a high initial cost 
which was justified by operating 
economies and freedom from main- 
tenance problems. The path of the 
influent cooling water starting 
from the extreme right goes 
through the following steps: 


1. Screen sediment filter to trap 
rust and scale, 

2. Solenoid controlled shut-off valve 
wired across the motor pump. 

3. Water flow control modulating 
valve with bulb in the tank, to 
control cooling water flow to 
maintain 115 F sump oil. 

4. Heavy duty highly efficient four 
pass heat exchanger. 


Oil flow to and from the cooler is 
provided by means of steel tubing 
in place of the usual pipe, elbows, 
unions, and nipples. 





Fig. 10—Die-cast machine with fully 
automatic water cooler 


Uncontrolled temperature can be 
disastrous in causing machine fail- 
ure and frequent repair calls. The 
compilation of service failure data, 
improvement of low life expect- 
ancy units, and the design of hy- 
draulic equipment for heat dissi- 
pation for a sump oil temperature 
of 115 F can be large contributing 
factors in extending the satisfac- 
tory hours of operation between 
scheduled overhauls. 

From paper entitled “Design of 
Hydraulic Equipment for Heat Dis- 
sipation” presented at Annual 
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Meeting of ASME in New York, 
N. Y., December, 1953. 


High-Temperature Brazing 


By George D. Cremer, 
Frank J. Filippi and 
Richard S. Mueller 


Research Div. 
Solar Aircraft Co. 
San Diego, Catif. 


HH IGH-STRENGTH joints com- 

parable to base metal con- 
tinuity can be achieved by various 
welding techniques. Through care- 
ful design, brazed joints with sim- 
ilar physical properties may also 
be realized. Whereas sound welds 
generally exhibit the properties of 
the base metal, brazed joints by 
their very nature of application 
usually are limited to considerably 
lower operating temperatures. Cer- 
tain rapidly diffusing brazing al- 
loys provide interesting exceptions 
to this generalization. 

From an oxidation resistant and 
chemical corrosion standpoint, the 
choice of suitable brazing mate- 
rials is sharply limited as com- 
pared to welding of a wide variety 
of suitable base metals. As is well 
known, the welding process also 
has its limitations and in these 
areas brazing is frequently the an- 
swer. 

Brazing is a thermal process for 
effecting atomic bonding of solid 
surfaces by means of an intermedi- 
ate, fused filler metal. High-tem- 
perature brazing is a metallurgical 
joining process in which a molten 
filler metal having a melting point 
in excess of 1600 F but below that 
of the base metal is used. Diffu- 
sion ketween filler metal and base 
metal must occur. 

The more common commercially 
available brazing alloys are listed 
below. Copper is included for com- 
parative purposes only, as it is 
seldom used in high-temperature, 
corrosion-resistant applications. A 
possible exception might be short- 
lived applications, such as rocket 
components. 


1. Copper 

2. Coast metals 

3. Silver-manganese 
4. Manganese-nickel 
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IN HYDRAULIC POWER- 


The balanced DUAL-VANES (two independent — 
vanes in each slot in the rotor) in DUDCO Pumps 
and Motors, as contrasted with conventional de- 
signs, maintain MULTIPLE AREAS OF CONTACT 
ON THE CAM RING... doubling the number of 
effective barriers to slippage and power loss. 















This is an exclusive DUDCO principle! 











DUDCO 
DUAL-VANE PUMPS 


Low vane-thrust and low resistance to 
rotation PLUS minimized slippage 
combine to give the greatest horse- 
power output for given horsepower 
input. The patented DUDCO DUAL- 
VANE construction reduces slippage 
to an absolute minimum by providing 
multiple vane sealing . . . permits 
greater loads at higher pressures. 
DUDCO Pumps with over 60 standard 
models, a broad selection of port loca- 
tions and types of mountings give de- 
sign engineers the positive answer to 
fluid power requirements from 3 to 
120 gpm at continuous pressures to 
2000 psi. There are single Pumps from 
3 to 60 gpm and double models pro- 
vide combined capacities from 24 to 
120 gpm. Here is compactness .. . over 
100 hp in less than a cubic foot of 
space, rugged dependability in equip- 
ment supremely simple to service, and 
the most efficient fluid power units of 
their kind in the hydraulics field. 


® FULL HYDRAULIC BALANCE... shaft bearing 
loads, rotor side loads and excessive vane- 
thrust loads and resultant wear are elimi- 
nated in the DUDCO design. 


® HIGHER PRESSURES . . . 2000 psi continuous 
kes i ible to increase machine 


+ daw 
Cc 








it a 
capacities using 


° INTERCHANGEABLE CAM RINGS . . . enables 
users to alter the pump capacity simply by 
installing another size cam ring of the same 


series. 
Wil the facts 
and Motors. 
D u D C  e DIVIS 


THE NEW YORK AIR 




































DUDCO 
DUAL-VANE MOTORS 


The unique DUAL-VANE design en- 
ables DUDCO Motors to convert fluid 
power to variable speed rotary power 
with unmatched efficiency. Power 
losses due to slippage are virtually 
eliminated by the multiple vane seal- 
ing. These motors develop starting 
torques as high as or higher than run- 
ning torques. They will start under 
load and may be stalled without dam- 
age. Dynamic balance and the low 
vane-thrust make possible rapid accel- 
eration and deceleration .. . reversing 
is instantaneous. Over 25 standard 
models of DUDCO Motors are avail- 
able to solve the problems of design- 
ers and engineers who must have a 
dependable source of rotary power. 
For continuous operation at pressures 
up to 2000 psi and speeds up to 3600 
rpm, these Motors develop torques 
from 180 to 14,400 Ib. in. . . . outputs, 
at maximum pressures and speeds, 
from 8 to over 120 hp. 


© SERVICEABILITY . . . simplicity of design 
makes servicing easy though seldom neces- 
sary. 


© LONG LIFE . . . rugged construction and min- 
imized wear assure continued operation under 
the most grueling conditions without failure. 


® ECONOMY . . . the most ecenomical source 
of variable speed rotary hydraulic power. 


on DUDCO DUAL-VANE Pumps 
Ask for Bulletin No. DP 300. 


ION 
BRAKE COMPANY Ny 








1706 EAST NINE MILE ROA 


D “HAZEL PARK+ MICH. 
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In Gerotor hydraulic pump 





and motors... 


« GEROT 


makes the difference! 


The patented Gerotor principle is represented 
by a pair of gear-shaped elements, one within 


the other. In pumps, power is applied through 
the shaft to the inner Gerotor and is trans- 
mitted in the closed mesh region to the outer 
Gerotor; in motors, the same principle 
operates in reverse. 

Each tooth of the inner Gerotor is in 
sliding contact with the outer Gerotor at all 
times, providing continuous fluid-tight en- 
gagement at very low contact speed. The 
contact points revolve only once in seven to 
nine revolutions, depending on the type of 


unit. This reduced friction permits higher 
shaft speeds, assures longer life. Opening and 
closing of chambers between the teeth is 
gradual across long ports, eliminating sudden 
shock and excessive turbulence, and reducing 
pressure variations found in conventional 
gear pumps. In Gerotor hydraulic pumps and 
motors, the Gerotor principle produces high 
volumetric and mechanical efficiency. 


*Gerotor is not just a name... it’s the heart of 
the finest hydraulic pumps and motors made. 


















The two Gerotors revolve at different 
speeds, resulting in a continuous 
opening and closing of spaces as 
shown in this diagram. Follow the 
changing position of tooth #1 as 
rotation takes place. Note its relation 
to space #2. As rotation continues, 
tooth #1 gradually displaces oil 
from space #2, thus creating pressure. 









GEROTOR MAY CORP. 


BALTIMORE 3, MD. 











BOX 86 


Whatever your need in hydraulic pumps or motors, consult 
the Gerotor May engineers. Write for free literature. 


r{4+{@} 10)" 


HYDRAULIC PUMPS & MOTORS 
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. Palladium-silver 
. Palladium-nickel 
. Solabraze 
Nicrobraz 


COI ADH 


A number of other high tem- 
perature brazing alloys are known 
to be in limited usage or in de- 
velopmental stages. Nickel-chro- 
mium - silicon, nickel - germanium, 
nickel-silicon-phosphorus, and nick- 
el-chromium-phosphorus alloys de- 
serve mention. 


Copper: In copper brazing the 
braze metal as well as the base 
metal, which is generally mild or 
low alloy steel, is usually not cor- 
rosion resistant. Copper brazing 
is a high temperature operation 
with furnace temperatures of 2000 
to 2150 F required. Careful con- 
trol of temperature, time, and 
quality of the reducing atmosphere 
is essential. The process has been 
highly developed as a precise met- 
allurgical production tool. Many 
thousands of tons of successfully 
copper-brazed parts have firmly es- 
tablished its production signifi- 
cance and economies. Intricate, 
multicomponent assemblies can be 
copper brazed using completely au- 
tomatic equipment. 


Coast Metals: A series of braz- 
ing alloys have been developed by 
Coast Metals Inc., with composi- 
tions which contain a minimum of 
85 per cent nickel, 2-3 per cent 
boron, and 3-5 per cent silicon. One 
alloy contains in addition approxi- 
mately 7 per cent chromium. Ma- 
jor characteristics include: 

1. Flow point: 1850 F. 

2. Recommended furnace tempera- 

ture: 1900 to 2050 F. 

3. Brazing done with flux or in 

protective atmosphere. 

4. Available in powder or cast rod 

form. 


Silver - Manganese: Application 
of this brazing material includes 
joining of stainless steel and high- 
alloy parts for elevated tempera- 
ture use up to about 1300 F. Manu- 
factured by Handy and Harman, 
its characteristics are the follow- 
ing: 


1. 80 Ag, 15 Mn 
2. Tough and ductile, solid-solution 
type alloy 
(Continued on Page 370) 
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More And More Manufacturers Are Installing 


MARVEL SYNCLINAL FILTERS 


As Standard Equipment 


Manufacturers of hydraulically actuated equipment and others with low pressure 
liquid circulating systems demand their equipment to perform consistently and with 
all the productive efficiency they build into the machine that bears their name. Since 
these systems must be kept free of damaging particles, the selection of a filter is an 
important factor. Here are some of the outstanding reasons for the increasing prefer- 


ence for Marvel Synclinal Filters to do this all-important job! 


SUMP TYPE 
(Cutaway) 





BECAUSE . . . Marvels are designed to give 
maximum ACTIVE filtering area rather than 
total filtering area. Only ACTIVE FILTERING 
AREA COUNTS! 


BECAUSE .. . Marvels greater storage space 


for filtered out particles allows longer periods @ 


of “production” time at absolute minimum in 
maintenance cost and “down-time.” 
BECAUSE ... Marvels can be disassembled, 
cleaned and reassembled by any workman in 
a matter of minutes. 

BECAUSE .. . Marvels (Both Sump and Line 
Type) operate at full efficiency in any posi- 
tion. Line type may be serviced without dis- 
turbing pipe connections. 

BECAUSE. . . Marvels are protected and 
of sound construction to give long life and 
efficient filtration. 

BECAUSE. . . Marvels (Both Sump and 
Line Type) are available in individual capa- 
cities from 5 to 100 G. P. M. and choice 
of mesh sizes ranging from coarse 30 to very 
fine 200, they get a filter to fit their specific 
requirements. 

BECAUSE... . Marvel not only delivers a 
top grade filter in both quality and perform- 
ance, but delivers IMMEDIATELY — ship- 


ments are made the same day orders are re- 





LINE TYPE 
(Cutaway) 


ceived, if desired. 


FACTS—NOT CLAIMS 


Engineers decide on the basis cf the 
record, on the basis of measurable 
facts rather than claims of the “cam- 
paign promise” variety. Here is a fact 
with meaning: 


OVER 400 MANUFACTURERS MAKE 


MARVEL SYNCLINAL FILTERS 
THEIR 0.E.M. CHOICE 


For Dependable Protection on All 
Hydraulic And Low Pressure Systems 
Investigate MARVEL SYNCLINAL FILTERS 





In response to the great demand, we 
have adapted both our sump and 
line models for use in all water 
filtering applications. No changes 
have been made in the basic syn- 
clinal design. 


WATER 
FILTERS 











MARVEL 


ENGINEERING COMPANY 


PHONE—Franklin 2-4431 


625 W. Jackson Bivd., Chicago 6, Ill. 





Marvel Engineering Company MD-I2 
625 W. Jackson Bivd., Chicago 6, Ill. 


Without obligation, please send me com- 
plete engineering data on Marvel Syn- 
clinal Filters as follows— 


Catalog #106 for Oil Filters 
Catalog #300 for Water Filters 


I Ait, wth. eben bd ee Se ll 


Company 
Address 


City .. . State 
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1888 
TESLA 

av i 
765, LBS. 


— 


1926 
cs 


5 H.P. 
130 LBS. 


1947 
LIFE-LINE 


Zw. 
119 LBS. 


Fil 





IS STILL TO COME. 





@ a 





Hear anything about a new motor? Well, if you think you have, 
let’s set the record straight . . . What’s New In Motors Is Still 
To Come! 

Westinghouse has been a leader in the designing and manufacturing of motors for 
over 60 years. During these many years, over 20 million dollars has been spent on the 
development of basic lines of induction motors to maintain this leadership. Here are 
the real years of “new motors” in the parade of progress: 


1888—THE FIRST A-C MOTOR—THE WESTINGHOUSE TESLA MOTOR 

1926—THE FIRST SEALED SLEEVE BEARINGS—THE WESTINGHOUSE CS MOTOR 

1947—THE FIRST MOTOR WITH PRE-LUBRICATED BEARINGS PLUS A Ys WEIGHT AND SIZE REDUCTION—THE 
WESTINGHOUSE LIFE-LINE MOTOR 


The smaller, lighter Westinghouse Life-Line Motor of 1947 was the last major 
contribution. AND FOR THE NEXT ALL-IMPORTANT STEP AHEAD IN MOTOR 
PROGRESS ... LOOK TO WESTINGHOUSE. 


you can 6e SURE.. te iS Westinghouse 















since 1907 





Shaved 
Semi-hardened 
Helical Gear for 
High-speed Blower 





Since 1907 The Cincinnati Gear Com- “*) 
pany has been producing quality gears, 
custom made to exacting specifications by 












expert craftsmen. Through these many decades SPUR 

of faithful and consistent service to industry, WORM 
Cincinnati Gear has earned an enviable rep- INTERNAL 
utation—a reputation as a firm in which you SPIRAL BEVEL 
can have complete confidence. This reputation HELICAL 





is your assurance of complete satisfaction with HERRINGBONE 


*CONIFLEX BEVEL 
SPLINE SHAFT 





every gear. 






Call, write or wire for full information. » 


™ | 
‘Twa Cine weal’ Gtaw & | iT 


‘ tt dL 


THE CINCINNATI GEAR ‘COMPANY 
"Gears... Good Gears Only” 
‘Wooster Pike and Mariemont Ave. e Cincinnati 27, Ohio * 





*Reg. U.S. Pat. Off. 





















ELECTRAN 


* Transformers 

* Saturable 
Reactors 

* Electronic 
Devices 






































Designers and Custom Builders—small 





Dependable 











Components and medium quantities—from milli- 





Dependable delivery watts to 50 KVA, single or polyphase. 


schedules 









May We Bid On Your Requirements? 


ELECTRAN MFG. co 


1901 CLYBOURN AVENUE ° CHICAGO 14, ILLINOIS 
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(Continued from Page 367) 


3. Melting point: 1750 F 

. Flow point: 1760 F 

5. Furnace temperature required: 

1850 to 1950 F 

6. Available in wire or strip form 

. Brazing done with “H” flux or 
pure, dry hydrogen, —80F dew- 
point 


-_ 


1) 


Successful brazing applications 
using Ag-Mn include attachment 
of Inconel fuel line fittings, join- 
ing of Stellite valve seats to stain- 
less valve bodies, and applying of 
cemented carbide tool tips to steel 
shanks for hot machining opera- 
tions. 


Manganese-Nickel: Also made 
by Handy and Harman, brazing 
conditions for this metal are sim- 
ilar to those of the preceding 
silver-manganese alloy. Its main 
characteristics are: 


1. 68 Mn, 32 Ni 

. Tough, solid-solution type alloy 

. Melting point: 1850 F 

. Flow point: 1860 F 

. Subject to scaling at elevated 
temperatures 

. Available in wire or powder form 

. Operating temperatures range up 
to about 1500 F 


Ol m Co bo 


for) 


=] 


Since this alloy is not attacked 
by molten sodium, a potential use 
is in liquid cooled nuclear reactors. 


Palladium-Silver: Produced by 
the Mond Nickel Company Ltd. 
and American Platinum Works, the 
following characteristics for the 
alloy are known: 

1. 75 Ag, 20 Pd, 5 Mn 

2. Tough, ductile alloy 

3. Brazing temperature: 2050 F 

4. Available in wire or strip form 


Only a limited amount of in- 
formation is available concerning 
this alloy. Another similar high 
temperature brazing alloy has a 
recommended brazing temperature 
of 2240 F. 


Palladium-Nickel: Produced by 
the metallurgy division of the 
National Laboratory at Oak Ridge, 
this experimental alloy has the 
following characteristics: 

1. 60 Pd, 40 Ni 

2. Tough and ductile, solid-solution 

type alloy 

3. Flow point: approximately 2250 
F 
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SWAP -LOCK 


Swit 











SNAP-LOCK Bl 


, TRADE MARK 


again proved dependable 
for controlling 
repetitive cycles at’ 
60 passes per minute 


This Zagar acoustical wall tile drilling machine employs 5 
Snap-Lock limit switches—three automatically controlling 
movements of the 96 spindle drill head and two actuating 
the hydraulic system operating the work table. 

Zagar Tool Inc., Cleveland, O., manufactures drill heads, 
drilling and broaching machines. After 10 years experience 
with Namco Snap-Lock limit switches applied to a wide 
variety of large and small machine tools, Mr. Frank Zagar, 
General Manager states— 


“for the fast, exacting and dependable controls in our 
machines, we can take no chances— we recommend 
Snap-locks to customers all over the country” 


This confidence is typical of expressions from machine tool 
builders, 90% of whom have adopted Snap-Locks as stand- 
ard built-in equipment—some using more than 200 units on 
a single installation. 

You can depend on Snap-Lock—Ask your Engineers to 
contact ours. Specifications Bulletin EM-51. 
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for jobs where YOU Can t take chances... 





















HEAVY DUTY FEATURES 
OF SNAP-LOCK LIMIT SWITCHES 


built BY machine tool builders FOR machine tool builders 


@ Separate safety walled @Single pole, normally 
enclosures for electrical open and closed, double 
and mechanical sides. break contact arrange- 


@ Hardened steel parts, ments. 


rugged, compact. @ Self wiping coin silver 
@ Heavy insulation, oil comtacts. 

and dust resistant case. @ Wide variety of stand- 
@ Positive lock in ‘‘on’’ ard mountings and oper- 
and *‘‘off’’ positions. ating levers. 



















ELECTRICAL MANUFACTURING DIVISION 


The NATIONAL 
ACME COMPANY 


180 EAST 131 STREET, CLEVELAND 8, OHIO 


Acme-Gridley Bar and Chucking Automatics: 1-4-6 and 8 

Spindle @ Hydraulic Thread Rolling Machines @ Automatic 

Threading Dies and Taps @ Limit, Motor Starter and Control 
Station Switches @ Solenoids @ Contract Manufacturing 
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SPECIAL SIZES AND TYPES 


To meet YOUR space and load requirements. 


RADIAL BALL BEARINGS 
RADIAL ROLLER BEARINGS 
ANGULAR CONTACT BEARINGS 
NEEDLE ROLLER BEARINGS 
THRUST BALL BEARINGS 
THRUST ROLLER BEARINGS 


MORTON BEARING COMPANY recently moved 
to a new and larger building with additional equip- 
ment and personnel. Engineers are experienced in 
assisting customers in bearing design and selection 


to solve individual problems. 


Submit data on your bearing requirements for 
prompt dependable suggestions on engineering, de- 
livery, and prices. A Thrust Bearing Catalog will 


be sent on request. 


MORTON BEARING CO. 


815 Wildt St. Ann Arbor, Michigan 












Durakool 


the 
STANDARD 


OF QUALITY, DURABILITY AND LIFE 


WITHSTANDS Years of trouble-free performance on the 
most difficult of assignments have won top 
HIGH recognition for Durakool Mercury Tilt Switches. 


High temperatures, fast cycling and 24 hour 
TEMPERATURES schedules taken in stride. 7 sizes, | to 65 am- 
peres. Send for Bulletin 525. 


See telephone directory for local distributor or write 


DURAKOOL, INC.— Elkhart, Indiana 


ALL-STEEL 


UTE Cy) ese 





 ANTI-FRICTION BEARINGS | 
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4. Brazing temperature: 2350F 
(approximate) 

5. Available in wire, strip, or pow- 
der form 


Solabraze: A number of alloys 
are currently being developed by 
Solar Aircraft Co. to meet specific 
classes of high-temperature braz- 
ing applications. Compositional 
ranges are in general 60 to 85 per 
cent nickel, up to 20 per cent chro- 
mium, up to 30 per cent manga- 
nese, 4% to 5 per cent silicon, 0 to 
3 per cent boron, together with 
varying amounts of iron and mo- 
lybdenum. Main characteristics 
are: 


1. Flow point: 1750 to 1950 F 

2. Available in powder and cast-rod 
form 

3. Brazing done with flux or pure, 
dry hydrogen 


A useful characteristic of the 
brazing process is of great signifi- 
cance in large, multicomponent 
parts. Overall distortion during 
brazing can be maintained within 
remarkably small limits. It is not 
unreasonable for example, to main- 
tain flatness over a two-foot diam- 
eter within 0.030-inch. 


Nicrobraz: Produced by the 
Wall Colmonoy Corp. and made in 
accordance with Aeronautical Ma- 
terial Specification No. 4775, the 
nominal alloying composition of 
this nickel-base brazing alloy is 4 
per cent silicon, 16.5 per cent chro- 
mium, 4 per cent iron, 3.8 per cent 
boron, and 1 per cent carbon. Its 
other characteristics are: 


1. Hard and highly corrosion re- 


sistant 

2. Flow point: approximately 1930 
F 

3. Brazing temperature: 1950 to 
2150 F 


Nicrobrazed joints can be made 
which exhibit useful strengths at 
temperatures in excess of the melt- 
ing point of the massive brazing 
alloy itself. With relatively tight 
fitting brazed joints, the effects 
due to atomic diffusion at the braz- 
ing temperature occur very rap- 
idly. For example, in the case of 
stainless steel joined with Nicro- 
braz, mutual diffusion between the 
base and braze metals produces an 
entirely new series of alloys in and 
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fit your application? 


1/40 to 1/20 HP. 


1/40 to. 1/20 HP. 1/50 to 1/13 HAP. 


1/45°to 1/30 HP, 1/40 to 1/132-H:P. 
UNIVERSAL [| SHADED 


AND D.C. § POLE 
MOTORS MOTORS 


OUTPUT 120 IN’-LB. 99/2000 to 1/1500 #.P. “4215 te 148 HP: 


Here’s How You Can Find Out! 


Write today, wire (Cyclohm, Racine) or phone our 

Sales Department (Racine 2-2731) and give us full information 
and specifications on your motor requirements. We will 
recommend the HOWARD motor that can be adapted to 
your job and samples will be made promptly for your 
engineering department test. Compare performance, 
delivery, quality. Be sure you have the full story before 
you select a motor — be sure you have the facts 

on HOWARD motors. 


HOWARD fractional h.p. motors are being used by 

many leading manufacturers of aircraft, business machines, 
appliances, cameras and projectors, electronic equipment, 
portable power tools, sewing machines, vending 

machines and hundreds more. 


Check with us today on your quantity motor requirements. 
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Will One of These HOWARD fractional h.p. motors 


INDUCTION 
MOTORS 





1/25 to 1/15 4H,P. 


UNIVERSAL and 
DIRECT CURRENT MOTORS 1/1000 to 1/2 H.P. 


SHADED POLE MOTORS 1/2000 to 1/8 H.P, 
INDUCTION MOTORS 1/1400 to 1/4 H.P, 


HOWARD 





DEPT. MD-12, HOWARD INDUSTRIES, INC. 
RACINE, WISCONSIN 


DIVISIONS: 
EMC ELECTRIC MOTOR CORP. GE everonm MOTOR CORP. 


RACINE ELECTRIC PRODUCTS 






















































ECTRO YNAMIC 


ependable 





UP FROM THE SEA comes fabulous 


Motor Stamina for Industry! 


Over half a century of service aboard U.S. Navy submarines 
— where dependability means life itself —has bred tremen- 
dous stamina into ELECTRO DYNAMIC industrial motors. 
This inheritance of extra dependability, proved during years 
of gruelling duty under the 

sea, explains the amazing per- nevritee Extra lrg 
formance records being es- frames. channels. 
tablished by E.D. motors in 
industry today. 


From 1 to 250 h.p. 


(N. E.M.A. STANDARDS) 





WRITE TODAY FOR 








CATALOGUE 

60. 1262 Permanently Liberal size 
aligned cast grease lubri- 
iron brackets. cated bearings. 





Also a complete line of Direct Current motors and generators 


ELECTRO @ DYNAMIC 


DIVISION OF GENERAL DYNAMICS CORPORATION 
BAYONNE, NEW JERSEY 
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adjacent to the joint. A Nicrobraz 
composition with boron, carbon, 
and silicon removed would melt at 
about 2550 F. Diffusion during 
brazing or by subsequent heat 
treating, simply reduces the con- 
centration of these critical ele- 
ments and thus raises the “remelt” 
temperature of the joint. 

From a paper entitled “High 
| Temperature Brazing Applications” 
presented at the SAE National 
Aeronautic Meeting in Los An- 
| geles, Calif., October, 1953. 


Human Factor 
In Design 





By Dickey Dyer 
The Work-Factor Co. 
| and W. H. Compton 


Wood-Compton Co. 
Cleveland, O. 


Pc ROPER arrangement of con- 

trols and meters is most essen- 
tial in order to fully utilize human 
efficiency in machine operation. 





Many human factors must be con- 


| sidered in design. Although there 


is much material available on the 
design aspects of machines them- 
selves, the subject of the combina- 
tion of man and his machine is 
often neglected. 


Machine Planning: In the lay- 
out of a machine for the best 
man-machine combination, there 
are six factors to be considered. 


1. All controls and meters should 
be located within a practical 
working distance from the op- 
erator. 

2. Within the practical working 




















Fig. 1—Width and depth of normal 

and maximum working areas for 

most humans that can be reached 
without body movements 
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MATCHLESS QUALITY ®© NO PREMIUM 


NAME 


ALUMINUM ALLOY 











{ 








MINIMUM YIELD STRENGTH 19,000 psi. 


with No Heat Treating — Age Hardening 





Elongation — 13-15% 

Charpy Impact — 10.47 ft. Ibs. 

Tensile Strength — 37,000 to 40,099 psi. 
All Properties As-Cast 


Covered by U. S. Patents Nos. 2564044, 2628899, 2583473 





Almag 35, for the first time, gives the designing engineer one aluminum 
alloy with all vital properties — as-cast. Almag’s exclusive combin- 
ation of high strength, high ductility, high shock resistance, high 
corrosion resistance, superior machinability, dimensional stability 
and stability of physical properties are instantly available with 


no heat-treatment or age hardening. 


No other aluminum alloy offers these properties. You get them all 


in'Almag 35 at no premium in cost. 


Before you Specify ANY ALLOY — Ask for Bulletin 350. 


=e WILLIAM F. JOBBINS INCORPORATED 























[rtTrTirirrl) p.o. sox 230 AURORA, ILLINOIS 
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Pioneer 
AMPELLER TYPEgRiIMPS 


0 to 174 gpm 1 to 5 hp. 
850 to 3450 rpm 
up to 26 gpm © 120 ft. head 
(basis: water (© 60°F.) 


POSITIVE DISPLACEMENT 
LUBRICANT PUMPS 


1 pt. to 60 gpm 
200 to 500 rpm_s—i15 to 35 psi 














Ger 400 Standard Model of 
“LONG-LIFE” PUMPS 


=$$ 


That's why rugged dependability is built into PIONEER 
AND ROLLWAY pumps—insuring month after month of 
continuous, trouble-free operation. 


PUMP COSTS 


(capacity-tested before shipment) 


POWER COSTS 
(high efficiency) 


INSTALLATION COSTS 











Servicing pump failures 
Down-time on equipment 








(over 400 standard models to “fit” your job) | 
SPACE | 


(no need for “oversize” pumps) 


@ Lubricants and coolants to abrasive liquids 

@ Mount above or below liquid level 

e External or submerged 

@ All conventional methods of mounting and coupling 
e Use your motor or ours 


bifeat 
gale ay 
App 


Ask for complete Manual & Catalog #46 


ss Derrat HARVESTERc. 
» PIONEER PUMP division 


2750 ) Guardian ste 


Detroit 26 Michig 
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distance, each control and meter 
should be located in the position 
where it may be most efficient- 
ly used. 

3. Where two or more controls or 
meters have the same optimal 
position, the most important and 


most frequently used items 
should be given the preferred 
positions. 


4. Controls and meters should be 
grouped in patterns that make 
for the easiest operation and 
observation from the point of 
view of the operator. 

5. Other parts of the body should 
be utilized when the hands are 
over-loaded. 

6. Any possible confusion of con- 
trols or meters by the operator 
should be avoided by proper de- 
sign or placement. 


Human Limitations: The place- 
ment of the operator in a position 
to reach each control properly, to 
load and unload parts, and prop- 
erly view the meters at the same 
time is not simple. For example, 
this problem exists when consider- 
ing the maintenance crew who 
service large electrical or hydraul- 
ic control panels for automation 
lines where a few minutes of down 
time is a considerable loss. 

One method of determining the 
reach of the human to be consid- 
ered is to use the data on body 
sizes collected in various anthro- 
pological studies. Normal and 
maximum working space in all di- 
mensions must be considered. In 
Fig. 1 is a view of the expected 
reach of most human beings in 
the horizontal plane. Here the 




















Fig. 2—Width and height of nor- 

mal and maximum working areas 

for most humans while standing. 
Eye level is at 61 inches 
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Put this magic ingredient into your products 
to make them better, safer, lighter, stronger! 


The same reasons why your wife invests in 
today’s new curtains and draperies made 
from glass fibers are equally important to 
you, as a businessman. 

For this wonder material, with all of 
its remarkable properties, is being manu- 
factured to a high degree of quality for use 
in hundreds of products by one of the glass 
industry’s pioneers—Pittsburgh Plate Glass 
Company. 

If you use rubber, plastics or any varia- 
tion of these materials—tapes or cordage— 
fabrics—insulation to contain heat or cold 






PAINTS ° 
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GLASS - 


P§EFTSSBURG NH 


—or countless other materials, you’ll find 
that Pittsburgh Fiber Glass Yarns or Super- 
fine insulation will add new features to 
your product’s efficiency and function. 
Accept our invitation for a no-cost in- 
spection and test of Pittsburgh Fiber Glass 
for your product. Simply write our execu- 
tive or district offices for arrangements. 
Pittsburgh Plate Glass Company, Fiber 
Glass Division, 420 Fort Duquesne Boule- 
vard, Pittsburgh 22, Pa. District Sales 
Offices: Chicago, Cincinnati, Cleveland, 
Detroit, New York and Washington, D.C. 


CHEMICALS .- 





en an i GLASS 


BRUSHES 





COMPANY 


Pittsburgh Fiber Glass Yarns 
are packaged for all textile 
machinery and made in stand- 
ard 150’s, 225’s, 450’s and 
900’s, twisted and plied for 
any wanted build-up. 


Pittsburgh Superfine Insu- 
lation is made in a range of 
densities, grades, thicknesses 
and blanket roll sizes, with a 
variety of binders and fac- 
ings available. 


¢ PLASTICS 













WHAT 


[ 


[ ] A piece of cobalt? 


Photo of earth terrain taken 
from a guided missile? 


Close up of leaf structure? 








IS THIS? 








7 2? 
q ~ 








aw 


If you answered cobalt you are correct. The illustration is a 
photomicrograph of a piece of cobalt magnified 80 times. 


THE PROBLEM: In making such a photograph the microscope 
camera must be completely isolated from vibration. Even the 
slight tremor caused by a step on the laboratory floor can 
affect the accuracy and clarity of the photograph. 

William J. Hacker & Co., Inc., New York, agents for the 
Reichert Research Metallograph, brought this problem of 


vibration to Robinson. 


THE SOLUTION: Since conventional types of vibration control 
systems were inadequate, Robinson engineers designed a 
mounting base employing their exclusive all-metal resilient 
cushioning material, Met-L-Flex. This mounting system is so 
sensitive it will isolate vibration from every angle, and keep 
the camera free-floating and motionless at all times. 


Do you have a problem of 
Vibration Control in your business? 


This same engineering know-how and 
skill can be put to work on your vibra- 
tion control problem . . . whether it in- 
volves precision instruments, electronic 
or television equipment, aircraft, motor 
vehicles, home appliances, or industrial 
machinery of any size or weight. 


Unlike old fashioned rubber mount- 
ings, Robinson Met-L-Flex* mountings 


are unaffected by age, oil, bacteria, 
water, dust, dirt or temperature 
extremes. They are inherently damped, 
and they do not pack down or wear out. 


A letter or telegram will bring a 
Robinson engineer to analyze your 
particular problem and suggest a solu- 
tion. Write or wire us immediately. 
Industrial Division, Dept. MD1. 


a 





*Met-L-FLex is the copyrighted designation for the all-metal resilient cushions developed and pi ed by Robi 


ROBINSON AVIATION INC. 














TETERBORO NEW) JERSEY 
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semicircular arcs of the maximum 
and normal working areas are de- 
fined. These areas apply to an 
operator who is standing in a fixed 
position without moving his trunk. 
Dimensions shown are based on 
minimum instead of average in 
order to accommodate 95 to 97 per 
cent of all humans. 

Man is more than just hands, 
fingers, and arms; he also has a 
trunk, knees, legs, and feet to op- 
erate controls. Locations of these 
are shown in Fig, 2, where range 
of the normal and maximum work- 
ing areas is shown for the vertical 
plane. 

The location of the knee is 
about 13 inches from the floor, 
pivoted at the hip, which is 32 
inches high. If he is located on 
a seat 30 inches high, he can op- 
erate in the same range as an in- 
dividual who is standing on his 
feet. In this particular case it is 
well to provide a footrest. When 
one is sitting, part of the working 
area is eliminated by the knees. 


Human Responses: Although it 
has been claimed that humans re- 
spond faster to audible than vis- 
ual signals, meters and indication 
lights are the most common sig- 
nals on most machines. 

In order to determine the best 
location of visual indicators we 
must note human seeing ability. 

From a paper entitled “Econom- 
ics of Location of Control Devices 
on Machine Tools” presented at 
the Sixth Annual AIEE Conference 
on Machine Tools in Cleveland, O., 
October, 1953. 


Practical Approach to 
Component Desiga 


By J. C. Garrett 


President 
Garrett Corp. 
Los Angeles, Calif. 


(eee may be defined 

generally as highly technical 
products which are fundamental, 
functioning parts of the airplane, 
electronic equipment, engine, or 
missile. They are designed by the 
component manufacturer and sold 
as completed articles to meet cer- 
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PRODUCED BY THE MAKERS OF ELECTRUNITE — THE ORIGINAL ELECTRIC WELDED BOILER TUBE 
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Here’s an idea: 
Stainless Steel Tubing 


Maybe your product has to be attractive. Or sanitary, 
easy to clean. Or strong, and long lasting. Maybe you 
want high resistance to heat and corrosion. Easy fabri- 
cation. Low end cost. 


You’ll find all these advantages in ELECTRUNITE Enduro 
Stainless Steel Tubing and Pipe. Formed from clean, 
flat-rolled steel. Uniform wall thickness . . . uniform 
concentricity . . . uniform quality, inside and out. You 
can bend them. You can join them by fusion or resist- 
ance welding. Or solder them. Or braze them. You can 
grind, polish or buff tubing to a mirror-like finish ... 
I.D., O.D., or both. Or Republic will do it for you. We'll 
fabricate it, too. 












ELECTRUNITE Enduro Stainless Steel Tubing and Pipe 
are available in a variety of chromium-nickel analyses. 
Tubing also in type 430. The type that fits your particular 
application ... properly used . . . can pay its way in better 
performance and lower maintenance costs. Republic 
engineers and metallurgists will be glad to help you 
choose it. For design data and specifications, write to: 


STEEL AND TUBES DIVISION 
REPUBLIC STEEL CORPORATION 
217 EAST 13ist STREET * CLEVELAND 8, OHIO 











ELECTRUNITE 
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PUTTING TOGETHER 
JIGSAW PUZZLES 
CAN BE AN 


EXPENSIVE PASTIME! 


And that is what is being done— 
wasting productive manpower in time 
consuming ‘“‘jigsaw’’ assembly. Small 
fabricated parts can be cast in a single 
unit with better appearance and less 
cost by Sacks-Barlow and Newark 
Malleable. 


Ask us to go over all of your parts 
and help you eliminate the costly “‘jig- 
saw’ operations. You’re sure to make 
worthwhile savings in production costs 
with our gray, malleable and ductile 
iron castings. 


GREATER PRODUCTION, 
GREATER SAVINGS... 
THROUGH CASTINGS! 





L 








THIS IS A WASTEFUL 
“JIGSAW” FABRICATION 
4 different small ports 


welded together 


AND THIS is the 
some part cast in a single 


unit .. a 
production saving of 26%! 





SACKS-BARLOW 


FOUNDRIES, INC. 


NEWARK MALLEABLE IRON WORKS 
367 Wilson Avenue, Newark, N. J. 


Resident Representatives in 


New York, Phitadelphia, Boston, Baltimore and Providence, R. I. 
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tain specific problems and condi- 
tions. 

When Orville Wright made his 
first powered flight fifty years ago, 
he used only five components—a 
stop watch, a veeder counter, and 
anemometer, a magneto, and a 
radiator. Fifteen years later com- 
ponents comprised about 10 to 15 
per cent of the cost of the finished 
airplane in World War 1. Today 
a conservative estimate of the cost 
of the components in a modern jet 
fighter would be approximately 50 
per cent of the fighter’s cost, less 
engines and radar equipment. If we 
were to include radar and guidance 
equipment, the total would easily 
exceed the cost of the airframe. 

Certainly a component manufac- 
turer is out of place in debating 


_ the merits of what is required in 


the fighter, bomber, or missile of 
today. However, we are convinced 
that whatever the mission may be, 
there will be an increasing demand 
for lighter, more compact and more 
reliable components to take over 
where man leaves off. 

Standardization is of paramount 
importance. The present trends are 
frightening to those deeply con- 
cerned with supplying the aircraft 
industry’s needs for specialized 
components. 


Development Costs of Compo- 
nents: At our own AiResearch 
plant we are building over 850 dif- 
ferent models of components for 
use on airplanes and missiles today. 
Of this 850 we are in production 
on over 250 types of electric actu- 
ators alone, over 350 different mod- 
els of air valves and regulators, and 
over 45 different types of cooling 
systems. When the equipment pro- 
duced by competitors is added to 
our total, the spare parts problem 
this poses is staggering. The 
logistic and cost problem is increas- 
ingly complicated. Also each new 
model requires separate develop- 
ment and engineering and separate 
testing before it goes into produc- 
tion. Our average cost for develop- 
ing and qualifying a new model 
of hot air valve today—being re- 
quired to operate at around 1000 F 
—is approximately $30,000 to $40,- 
000. It cost us over $100,000 to de- 
velop and qualify a new cooling 
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Facts you should know about BEEXEW worm gearing 


How master worm control 


gives you 4 vital advantages 


This photograph shows inspector making a final check 
of contact and backlash on a De Laval gear set which 
has been process-inspected all along the line. A De 
Laval master worm “rides” with every job . . . insures 
start-to-finish quality control. 


Since De Laval maintains a wide range stock of master 


worms as reference standards, you can be sure of: 


e Unvarying uniformity 
Correct thread thickness 
Preciseness of tooth contour 
Interchangeability of parts 


De Laval manufactures heavy duty worm gear sets in 
ratios from 3:1 to 100:1, with ratings of .1 hp to 550 
hp and center distances from 3” to 36”. 





A New Working Tool for You! 


Worm Gear Sets Catalog 5000 : Worm Gear Sets 


contains 38 pages of vital data. 
Write for your copy on your DE LAVAL STEAM TURBINE COMPANY 
business letterhead. 85i Nottingham Way, Trenton 2, New Jersey 
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@ Large or small, you get the benefits of high 
production rates and big volume output at 
FAIRFIELD—the place where fine gears are pro- 
duced EFFICIENTLY and ECONOMICALLY 
to meet your specifications. For more than 
thirty years, Fairfield has been one of America’s 
largest independent producers of precision- 
cut, automotive type gears and a DEPENDABLE 
SOURCE OF SUPPLY for customers through- 
out the country. 


Get acquainted with the service Fairfield 
offers — unexcelled facilities in a new and 
ultramodern plant for producing Spur, Herring- 
bone, Spiral Bevel, Straight Bevel, Hypoid, 
Zerol, Worms and Worm Gears, Splined 
Shafts, and Differentials in a wide range of 
sizes and capacities. 


ENGINEERING SERVICE — Fairfield engineers 
are qualified to make expert recommenda- 
tions on your gear production requirements. 
Inquiries are invited. 


Fine Gears Uilade to Order for: 


TRACTORS © CONSTRUCTION MACHINERY + ENGINES 
BUSES * FARM IMPLEMENTS ¢ MINING MACHINERY 
DIESEL LOCOMOTIVES * MACHINE TOOLS + AIRPLANES 
HEAVY DUTY TRUCKS ¢ OJL FIELD EQUIPMENT 


FAY 13 Le 1018; Lh 1D) 


co MANUFACTURING CO. 
2307 S. Concord Road 


Lafayette, Indiana 
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turbine. After careful considera- 
tion and due allowance for the 
necessary complexity of the mod- 
ern weapon, a conservative estimate 
of possible reduction in the number 
of types would be one-third. Hun- 
dreds of millions of dollars and 
vital production man-hours thus 
could be saved in an all-out emer- 


gency. 


Advances in Design: Great 
strides have been made within the 
past few years in the miniaturiza- 
tion, operating effeciency, and dur- 
ability of many components. Ef- 
ficiency of fans used in aircraft 
cooling systems alone has increased 
from 30 to 90 per cent in the past 
seven years. The cabin pressure 
regulator of today does that same 
job under much more severe oper- 
ating conditions at a weight of only 
1 pound. It operates with three 
times the accuracy, and costs 4 
what the World War II regulator 
cost. Refrigeration systems have 
increased 700 per cent in capacity 
per pound of weight in a few hectic 
years. Ram air turbines for emer- 
gency power supply for jet aircraft 
control systems weigh only 1/10 as 
much as the emergency systems of 
four years ago. Certainly we can 
look forward to the continuation of 
these healthy trends. 

From an address presented be- 
fore the Second Annual Air Force 
Association Airpower Symposium, 
Washington, D. C., August 1953. 


Selecting Metals 
for High Temperatures 


By E. H. LaBombard 


Assistant Supervisor 
Structures Sec’ion 
Douglas Aircraft Co. Inc. 
Santa Monico, Calif. 


"T= MOST apparent effect of 

high operating temperatures on 
structural materials is the reduc- 
tion of static properties. Curves in 
Fig. 1 compare the change in static 
properties of titanium with other 
common materials. In Fig, 2, the 
variation in modulus of elasticity is 
shown for these materials. The 
drop in modulus for all these ma- 
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CYLINDER 
TUBING 


The inside surface is entirely free of scoring, is so smooth 
and has such a low RMS rating it is ideal for pneumatic 

cylinders. Just cut it in desired lengths and use as is 

for soft-packing pistons. Save the cost of inside machining 
or honing. And save too by complete standardization 


of parts that Rockrite close tolerances make possible. 


y 


TUBE REDUCING 


CORPORATION 
WALLINGTON, NEW JERSEY 


JOSEPH T: RYERSON & SON, INC., NATIONAL WAREHOUSE DISTRIBUTORS 
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tesanon Stings 
are at work 


Ix ranks—those rumbling, roaring monarchs of our Ground 
Forces—vital points are protected with armor castings made by 
Lebanon Steel Foundry. For the Detroit Arsenal alone, Lebanon 
has produced over 60,000 armor castings—principally ventilatin 
grille louvre doors and corner hull brackets for the M46, M47 a 
the current M48 medium (General Patton) tanks. 

As early as 1935, Lebanon Steel Foundry cooperated with Army 
Ordnance in the development of cast armor. In 1952 Lebanon 
received a citation for designing and casting top-quality louvre 
doors for the medium tank. The engineering and production skills 
of Lebanon craftsmen have ably contributed to practically every 
tank development and production program since cast armor 
became a reality. 

See—STEEL WITH A THOUSAND QUALITIES—37 min., 16 mm, semi- 
technical, full-color, sound film on the making of steel castings. For 
information write: Dept. G, Lebanon Steel Foundry. 


a * 
LEBANON ASTINgS 


AND STAINLESS STEEL 
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terials is in the order of 25 per 
cent. 


Strength-Weight Properties: The 
result of reduced strength proper- 
ties is a consequent increase in 
structure weight. A_ strength- 
weight ratio is not too useful as a 
parameter but calculations employ- 


ULTIMATE STRENGTH 






































TENSILE 

STRESS 

(PS!) 

80,000 kX 
60,000 

. 24S8-T S\N | 

SS rrTanium — 
40,000 \ —— 
75 S-T \ 

20,000 | 


75 200 400 600 800 1000 
TEMPERATURE °F 


Fig. 1—Short-time ultimate tensile 

strength properties of 302 stainless 

steel, RC-70 titanium, 24STAL and 
75STAL 


ing it are sometimes significant. In 
this case, they indicate that by se- 
lecting the best material from 
strength-weight consideration cor- 
responding to a particular operat- 
ing temperature, the structure can 
be expected to weigh from 10 to 
100 per cent.more than a compar- 


MODULUS OF 
ELASTICITY 


E (x 10°6) 


25 
20 
15 


10 
6 





100 200 400 600 800 =: 1000 
TEMPERATURE °F 


Fig. 2—Young’s modulus for three 
metals based on limited data 


able low temperature structure, It 
is interesting to note from Fig. 3 
that because the change in strength 
with temperature is not linear, the 
best material may be aluminum, 
steel, or titanium depending on the 
particular operating temperature 
involved. These curves indicate 
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Typical installation of 
American Hammered 
Conformabie Oil Rings 

















MERICAN HammeRE? 
GoNFORMABLE Oi. RING 


Insures constant unit pressure 





e,@2 e 

for positive oil control! You keep your oil con- 
sumption down when you install Koppers American Ham- 
mered Conformable Oil Rings! This service-tested piston ring 
conforms readily to meet cylinder distortion because its flex- 
ible cast iron member is pressed outward by an abutment type 
spring which exerts uniform radial pressure around the entire 
circumference. 

Narrow bearing surfaces on either side of the channel give 
the ring a uniform unit pressure on the cylinder, enabling it 
toseat promptly and assuring maximum removal of excess oil 










ir, 
KOPPERS; 
wv 





® 






KOPPERS COMPANY, INC., Piston Ring Dept., 1672 Hamburg Street, Baltimore 3, Md. 
Gentlemen: Please send me full information on your Conformable Oil Ring. 


throughout its lifetime. And the Conformable Oil Ring has a 
longer useful life because its low spring rate and uniform lands 
result in negligible changes in pressure as the ring wears. 


Easily installed, it is ideal for both 2-cycle and 4-cycle 
Diesel & Gas engines; comes in 4” to 25” diameters with a 
minimum width of 4”. Write, wire or phone us today for full 
information on how the Conformable Oil Ring can improve 


your operation . . . or for expert help in any piston or sealing 
ring problem. Koprpers Company, Inc., Piston Ring Dept., 
1672 Hamburg Street, Baltimore 3, Maryland. 


AMERICAN HAMMERED 


Industrial Piston Rings 








I 
I 
| 
DP iiacenctanss. 
METAL PRODUCTS DIVISION © KOPPERS | 
COMPANY, INC. ® Baltimore, Maryland | Company 
This Koppers Division also supplies industry with | 
Fast’s Couplings, Aero Fans, Koppers-Elex DO ee 
Electrostatic Precipitators and Gas Apparatus. | 
Ree 
i 


Engineered Products Sold with Service 
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CHACE 
THERMOSTATIC 
BIMETAL 





s19 
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Honeywell 
“ROUND” 


A Product of Minneapolis- Honeywell, Minneapolis, Minn. 


The Honeywell Round, said to be the first really new idea in thermostats 
in years, uses a spiral thermostatic bimetal element to attain new precision 
in temperature control. 

The Honeywell Round, announced to users in November, is but 3% in. 
in diameter; the outer shell may be lifted off easily for painting to harmonize 
with the walls. The outer pointer indicating the temperature of the room is 
actuated by a second coil of thermostatic bimetal (1). 

Adjustment for the desired temperature is made by turning the fluted 
plastic ring (2) in which is mounted the thermometer, past the pointer on the 
stationary center disc; thus it points to the desired temperature of the scale. 

Movement of this ring also revolves the heat controlling unit con- 
sisting of a mercury switch (3) mounted on a larger coil of thermostatic 
bimetal (4). As the coil winds or unwinds with changes in temperature, it 
tilts the tube of mercury, allowing the mercury to close or open the heat 
controlling circuit. The mercury switch is dust proof, produces no exposed 


spark, and is noiseless. 


This illustrates typical uses of Chace Thermostatic Bimetal as the 
actuating element for temperature responsive devices. If your product 
responds to, indicates or controls temperature changes, actuate it with 
dependable Chace Thermostatic Bimetal. Write today for our 32-page 
booklet, “‘Successful Applications of Chace Thermostatic Bimetal,” 
containing condensed engineering data. 


W. M. CHACE CO. 


Theunorstalic Bimeltal 


1616 BEARD AVE., DETROIT 9, MICH. 
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that commercially pure titanium 
has a weight advantage in the tem- 
perature range of 450 to 650 F. 
This observation is based on ulti- 
mate tensile strength. On the ba- 
sis of yield strength the range is 
extended somewhat. However, this 
also shows that titanium is not the 
material to solve all high tempera- 
ture structural problems. Even the 
presently unavailable titanium al- 
loys are not as good as stainless 


STRENGTH 
WEIGHT 
RATIO 


PS! 
e 





° 200 400 600 800 
TEMPERATURE °F 


Fig. 3—Strength-weight ratios based 
on curves from Fig. 2 and density 


steel at the higher temperatures. 
When a strictly gage-for-gage sub- 
stitution of titanium for steel in 
low-stress applications is made, 
large weight savings are possible. 


Corrosion Resistance: Probably 
more significant, however, than the 
reduction in static properties with 
temperature increase is the effect 
of time at temperature on the ma- 
terials. Two sign:ficant properties 
that are functions of time at tem- 
perature are creep and corrosion 
resistance. Because aircraft struc- 
tures are designed to criteria of 
permanent deformation, the effect 
of creep becomes a significant if 
not a dominating factor. 

Corrosion resistance is another 
property affected by continuous ex- 
posure to high temperatures. In 
general the resistance to corrosion 
is reduced, and the corrosive en- 
vironment is much worse. Most of 
our corrosion protection methods 
are unsatisfactory and service prob- 
lems can be expected to multiply. 

Reduction in corrosion resistance 
at higher temperatures is due to 
two things. First, of course, the 
elevated temperatures increase the 
rate of corrosive reactions. Sec- 
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ond, and perhaps more significant, 
after time exposure to elevated 
temperatures most materials un- 
dergo a metallurgical change that 
reduces corrosion resistance. The 
critical conditions at which this 
change occurs vary with tempera- 
ture and time of exposure for all 
materials. For this reason, the 
best materia] for corrosion resist- 
ance should be selected on the ba- 
sis of actuai uperating temperature. 

The proiection of materials 
against corrosion offers quite a 
problem. There are few paints 
that can last in corrosive environ- 
ments. Cadmium plate as a pro- 
tection for steel, long a standby in 
the industry, ceases to be useful 
above 500 F, so other methods 
must be employed: Metal-sprayed 
aluminum seems to offer some 
promise. Corrosion resistance of 
titanium is excellent; superior un- 
der many conditions to stainless 
steel. Therefore if strength at 
temperature is not of prime impor- 
tance, this reason alone can dictate 
its use in many places, 

From a paper entitled “The Ef- 
fect of Temperature on Aircraft 
Structural Design” presented at 
SAE National Aeronautical Meet- 
ing in Los Angeles, Calif., October, 
1953. 


Applying Strain Gages 
In Design 


By Ira H. Abbott 


National Advisory Committee for Aeronautics 


PPLICATION of strain gages 

is usually associated with di- 
rect measurement of strain or 
stress in structures. However, re- 
cent developments have brought 
forth some high-temperature ap- 
plications which offer interesting 
possibilities. In addition, experience 
has shown that strain gages can 
be effectively used to measure dy- 
namic loads. 


High-Temperature Applications: 
Measurement of dynamic strains at 
temperatures up to approximately 
1500 F has been a subject of con- 
siderable interest during the devel- 
opment of the modern turbojet en- 


MACHINE DESIGN—December 1953 


Nothing ts Ws YI AALL i A 





HOOVER HONED RACEWAY 
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exclusive Hoover 
Construction. 
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DOUBLE ENVELOPING GEAR SETS & SPEED REDUCERS 


Six years ago White Cap Company was 
looking, for an efficient, trouble-free, 
compact % hp drive to feed jar tops to 
its remarkably high speed ‘’Vapor- 
Vacyum” jar sealing machinery. 

White Cap found the answer in a stand- 
ard 22" C.D. Cone-Drive speed reducer. 
Over 500 of these machines—operating 
under lease—have proven it. 


The reducer had to be efficient since it is 
totally shrouded. Driving « 22” disc 
which feeds caps to the sealer for 
$50,000 or more worth of product per 
shift, it has to be ultra-reliable and have 
a high bearing load capacity. Space is 
limited under the disc (the reducer meas- 
ures only 1094” x 694” x 5%”). Weight 
must be low (it weighs 43 Ibs. net). 
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gine. The need for an instrument 
of this type was evident when it 
was realized that many of the 
turbojet failures were the result of 
destructive vibration of th* tur- 
bine blades. 

Development of the high-tem- 
perature strain gage proceeded 
along somewhat the same lines as 
the development of the low-tem- 
perature, resistance-wire strain 
gage. It was necessary to evaluate 
many cementing materials, wires, 
and fabrication techniques before 
a satisfactory gage was developed. 
The high-temperature strain gage 
in its present form is comprised of 
0.001-inch diameter Karma strain 
sensitive wire, 0.010-inch diameter 
Karma lead wires, National Bureau 
of Standards L6AC precoat ceramic 
and Quigley No. 1925 cover cer- 
amic. The complete gage consists 
only of a strain-sensitive, wire grid 
embedded in ceramic on the test 
specimen. There is no winding 
form or extraneous material with- 
in the gage which might deterio- 
rate and cause malfunction. 








50x 10> Pt-ir, ANNEALED 
z “7 
P= ~ NICHROME _V 
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z 

- <= 20+ 
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Fig. 1—Resistance change curves for 
common strain gage wires 


This gage has been found to per- 
form satisfactorily when mounted 
on the turbine blades of an operat- 
ing engine, where it must with- 
stand considerable punishment and 
still furnish reliable information. 
First, the gage must adhere to the 
blade despite the high centrifugal 
force field of up to 50,000 g’s. 
Second, the gage must operate at 
temperatures up to 1500 F and re- 
tain satisfactory mechanical 
strength. Third, the gage must 
withstand the extreme. erosion 
forces of the hot gas stream, and 
finally, it must withstand severe 
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thermal shocks during starting and 
shutdown operations. 

The wire alloy Karma in the “as 
received” or unannealed condition 
has a low temperature coefficient 
of resistance, Fig. 1, when com- 
pared with Nichrome V or Pt-Ir. 
When used only up to 800 F, the 
temperature coefficient is compar- 
able to that of Advance, providing 
the possibility for static strain 
work in that range. The resistance 
change of the gage with tempera- 
ture is sufficiently small to permit 
adequate corrections or compensa- 
tions in certain types of static 
work. In addition, the wire has a 
very high specific resistivity (ap- 
proximately 800 ohm/cir.mil.ft.) 
and excellent corrosion resistance 
to the cements used. 

The method of preparing the 
strain sensitive grid for mounting 
is shown in Fig. 2. Two small rods 
are fastened in place behind the 
frame, the wire is initially wound 
around these rods and the lead 
wires are placed in their respective 
holders. Fine strands of silk are 
then used to tie back each loop to 
the frame and the rods are re- 
moved. The loops are tightened by 
pulling the silk strands, and the 
gage is then ready for mounting. 

A typical mount on a turbine 
blade is denicted in Fig. 3, show- 
ing, in particular, the method of 
handling the lead wires. One of 
the leads is res‘stance welded to 
the blade, while the other is welded 
to a secondary lead passed out 
through a ceramic lined inconel 
conduit to a terminal plate in the 
center of the turbine wheel. 


Dynamic Loads: The need for 
measurement of dynamic loads led 
to a desire for a less cumbersome 
method than pressure distribution. 
The wire-res‘stance strain gage, 
when properly installed and cali- 
brated, offers a useful tool for 
structural load measurements 
which can, in turn, be converted to 
dynamic loads. provided the struc- 
tural weight distribution is known 
and the acceleration distribution 
has been measured. Although the 
application of strain gages for 
load measurements is similar to 
their use in stress determination, 
a somewhat different approach is 
required. In stress measurement, a 
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Month-after-month operation under 
continuous load is a grueling measure-of- 
quality for any type of gearing. Cone- 
Drive gears can take it. 

Knowing this, The Vulcan Copper and 
Supply Company specified Cone-Drive 
double-enveloping worm-gear speed re- 
ducers to turn the rotating impellers of 
their “Kennedy” Counter-Current Solvent 
Extractor. 

Impellers are turned continuously by 
18 standard 2/2” center distance 50/1 
Cone-Drive speed reducers. Worm speed 
is 6 rpm and output torque is 900 inch- 
pounds. 

Other factors that make Cone-Drive 
gears a ‘natural’ for chemical processing 
drives are: (1) compactness, (2) resistance 
to shock loads, (3) high load-carrying 
capacity, (4) minimum maintenance costs 
and (5) delivery as off-the-shelf units. 
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sé 
has coil-itis” cramped 
your production flow? 


It’s a waste of costly time to pump out the solution every 
time your process heating and cooling tanks get indigestion 
due to pipe coil troubles. You can save this cost and 
eliminate production bottlenecks by replacing the pipe 
coils with Platecoils. Platecoils can be removed and 
replaced without dumping the solution. They simplify 
maintenance and save hours of downtime. They heat or 
cool] 50% faster and take 50% less space in the tank. 
As revolutionary as the new wonder drugs, Platecoils cure 
production troubles involving heat transfer .. . 
and give profits a shot in the arm. 
Write for bulletin P71 today! 


PLATECOILS SAVE 50% IN HEAT TRANSFER COSTS 





PLATECOILS At Continental Motors Corp., 3 crankcase 
sections can be cleaned at one time when 

TRIPLE Platecoils are used while only one crank 
PRODUCTION case can be cleaned with pipecoils in the 


tank. Ask about other case histories. 


_ PLATECOIL 


In 





REPLACES PIPE COILS 






x 


Coil-itis — Diagnosed 
as tank heating and 
cooling problems. 
Platecoils — the pre- 
scription for solving 
pipe coil problems. 


PLATECOIL DIVISION, TRANTER MANUFACTURING, inc., LANSING 4, MICHIGAN 
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single strain gage is frequently em- 
ployed to measure the stress in a 
member. In load measurements, 
four active-arm bridges are gener- 
ally applied on the principal struc- 
tural members and temperature 
compensated in order to obtain 
high sensitivity and relative free- 
dom from the effects of uniform 
structural temperature changes. 


Strain Gage Location 


The first step is the selection of 
the gage location, which depends 
on the measurements to be made. 
It is necessary to locate the gages 
at positions where the stress levels 
will be adequate to obtain good 
sensitivity and, at the same time, 
away from areas of local stress 
concentrations. Gages should not 
be installed near fittings or fasten- 
ers that may develop clearances 
and consequently change the stress 
distribution. Ideally, it would be 
desirable to place the gages at a 
position such that a shear bridge 
would respond only to shear, a mo- 
ment bridge only to moment, and 
so forth, but such locations cannot 
generally be found in complex 
structures. 








— EAD wires 
STRAIN-SENSITIVE 
es WIRE GRID 


Fig. 2 — High-temperature strain 
gage prepared for mounting 


Next, through calibration pro- 
cedures, a system of empirical 
equations must be developed for 
determination of load and load dis- 
tribution from the gage readings. 
It is apparent that enough bridges 
must be installed to permit the 
development of appropriate equa- 
tions relating load and bridge re- 


sponse. 
In step three the application of 
the calibration loads must be con- 
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Are Easy Assembly and Low Cost “Musts’ for You? 


Here’s how leading automobile manufacturers 
get them with NEEDLE BEARINGS 



































Quick installation and low cost are just two of many 
reasons why America’s major car manufacturers use 
Torrington Needle Bearings. 

They have been performance-proved, too, in millions of 
cars driven billions of miles. 

In steering gears, brake and clutch linkage pivots, 
transmissions, universal joints, steering idlers, steering 
knuckles and other vital assemblies, Needle Bearings are 
prime contributors to smooth performance, easy handling, 
and safe, comfortable riding. 

They have been adopted as “standard ecuipment”’ in 
many products throughout industry since their introduction 
nearly twenty years ago—because of their high radial 
capacity, compactness, long service life and low cost. 

Why not find out how the Needle Bearing can improve 
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your products? 




















THE TORRINGTON COMPANY 
Torrington, Conn. South Bend 21, Ind. 











TORRINGTON ///2/f BEARINGS 


Needle e Spherical Roller e Tapered Roller e Cylindrical Roller e Ball e Needle Rollers 
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Trade Marks of 12 of the 18 passenger car manufacturers, all of whose cars enjoy the benefits of Needle Bearings. 
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Molded Nylon cap pro- 


Terminals are hermetically 
tects the terminals. 


sealed by exclusive process 
developed for Cannon’s widely 
acclaimed hermetically sealed 


electric connectors. Molded ‘‘Silcan’”” cap 


protects the return 
spring and plunger end. 


Insulation test: 1000v ac 






Silver brazed seals. 


The armature (plunger) and the 
anvil are high quality annealed 
Armco magnetic ingot iron. 





hermetic sealing 
in this new 


CANNON (ic 


SOLENOID 





For pressurized or corrosion resistant 
service, Cannon's de Solenoids offer posi- 
tive hermetic sealing, sound construction, 
painstaking workmanship and high- 
est quality materials. A vitreous insulat- 
ing material is heat-fused to shell and 
contact terminals, creating a perfect seal. 
Other parts are silver brazed. The en- 
tire solenoid is then copper-nickel-chrome 
plated to insure complete coverage, high 
corrosion resistance and long, trouble-free 
service. Solenoid No. 19760, above, the 
first hermetically sealed product of this 
type, is built for continuous duty on 28v 
dc systems. Fitted with other coils, it 
renders intermittent duty as characterized 
by the chart at right. Cannon's hermeti- 
cally sealed solenoid series reflects the 
same uncompromising attention to details 
of sound design, engineering and work- 
manship that has made the name “Can- 
non” synonymous with “quality” for more 
than 38 years. For complete information 
write for new Solenoid Bulletin DCS4- 
1953 showing 105 different assemblies. 


CANNON ELECTRIC COMPANY, LOS ANGELES 31, CALIFORNIA 
Factories in Los Angeles, Toronto, New Haven. « Representatives in nrincipal 
cities. Address inquiries to Cannon Electric Company, Dept. L-185, Los 
Angeles 31, California. 


TRACTIVE FORCE (POUNDS) 





“ V2 VY 1 
SOLENOID STROKE (INCHES) 


Solenoids of the hermetically sealed 
19760 series, through modification of the 
coil windings, can meet various charac- 
teristics and specific applications within 
the limits indicated above. 
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sidered. These are usually applied 
with jacks through pads large 
enough to prevent local buckling. 
In order to assess any possible ef- 
fect of elastic lag, application of 
these loads by increments is recom- 
mended. To provide data for evalu- 
ating the effects of carry-over, the 
loads should be applied independ- 
ently to each side of the structure 
and then to both sides simultan- 
eously. 

The next step involves evalua- 
tion of the preliminary calibration 
data. Plots of the ratio of the 
bridge responses to load against 
distance to the point of load appli- 
cation along any straight line on 
the structure (termed influence co- 
efficient plots) are useful guides 
to the characteristics of the bridges 
and assist in determining the form 
of the calibration equations. 


STRAIN SENSITIVE 
WIRE GRID 







LEAD WIRE 





INCONEL CONDUIT 
CERAMIC LINER 


Fig. 3—Turbine blade mounting 
technique for high-temperature 
strain gage 


The final steps in the calibration 
procedure depend upon the results 
of the preliminary calibration in 
relation to the electrical recording 
equipment available and the num- 
ber of different loads which it is 
desired to measure dynamically. It 
may be desirable to record each 
bridge output independently, and 
to calculate the desired loads from 
the calibration equations, using au- 
tomatic calculating machines. It 
may, alternately, be desirable to 
combine bridges, using duplicate 
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TRADE MARK 





Rollpin is the slotted tubular steel spring pin with 
chamfered ends. Simply drive it into holes 
drilled to normal production tolerances. It 
compresses as driven—and its spring action locks 
it in place regardless of impact loading, 

stress reversals or vibration. 


Rollpin assembly eliminates extra operations 
and parts. There is no precision drilling, 
threading, peening—and no cotter pins or other 
locking devices. Cost savings as great as 90% 
result—depending upon the type of fastener 
replaced and the assembly method now in use. 
Our illustration is an air gun set-up that installs 
Rollpin at the rate of 8 units a minute on the 
Ford assembly line.* 


Other insertion procedures range from simply 
driving Rollpin with a hammer to more intricate 
hopper-fed methods. Independent time studies 
have shown instalied costs of Rollpin at 9% 

of that for a dowel pin and /ess than 5% of the 
installed cost of a taper pin. 


Mail our coupon for information on how Roll- 
pin will do your fastening faster and cheaper. 


ELASTIC STOP NUT CORPORATION 
OF AMERICA 










Dept. R23-124 Elastic Stop Nut Corporation of America | 
2330 Vauxhall Road, Union, New Jersey | 
Please send the following free fastening information: | 
0) Rollpin bulletin (1 ELASTIC STOP® nut bulletin | 
C] Here is a drawing of our product. | 
What ESNA® fastener would you suggest? | 
! 
| 
| 
I 
l 


Name Title 





Firm 





Street. 
City. Zone State. 


*Rollpins applied as differential pinion pin lockpin t : 
ee 
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COUNTER 


means 


“AUTOMATIC ACCURACY” 


If your application requires “batching” of 
liquids, the Eagle Microflex counter will ac- 
curately count the batches for greater effici- 
ency and increased profit. 


For automatic control of materials by time 
or count, send your application problem to 
Eagle’s experienced engineers. Eagle has 
suggested answers and speeded up oper- 
ations in many plants from coast to coast. 










TELL US YOUR PROBLEMS — WE'LL DO THE REST 





EAGLE TIMERS 
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bridges where necessary, into cal- 
culating electrical networks that 
permit the desired loads to be re- 
corded directly. Or, a combination 
of the two methods may be used. 

Direct current systems are used 
exclusively for flight aerodynamic 
loads measurements by the NACA 
because they provide the most sta- 
ble circuit characteristics. Provi- 
sion must be made for the possi- 
bility of changes of sensitivity or 
of zero drift in the recording ap- 
paratus. Changes of sensitivity 
may result from changes in sup- 
ply voltage to the strain gage 
bridge and to the recording galvan- 
ometer elements. Drift may result 
from temperature effects on the 
galvanometer element and from 
temperature effects on the struc- 
ture. 

Accurate results are obtainable 
only through the exercise of con- 
tinual vigilance and attention to 
detail. Perhaps the greatest danger 
is that some important factor or 
effect that will cause errors in the 
results may be over-looked. These 
errors may not be recognized if 
the particular calibration proced- 
ure selected is not sufficiently in- 
clusive to detect them. It must 
also be remembered that under dy- 
namic load conditions the strain 
gage system will sense only the 
loads which the structure will fol- 
low. For this reason the method 
is limited in response to the basic 
frequencies of the structure. Also, 
the inertia loads, while theoretical- 
ly correctible, may be difficult to 
extract under dynamic conditions 
because of the requirements for 
many accelerometers and the tedi- 
ous determination of polar mo- 
ments of inertia. Nevertheless, the 
method works very well if its lim- 
itations are understood. 

From Advisory Group for Aero- 
nautical Research and Develop- 
ment Memorandum, “Some Appli- 
cation on Strain Gages in Aero- 
nautical Research.” 





Correction 


In the abstract entitled “Design- 
ing Scales and Charts,” November, 
Page 264, Fig. 2 and its caption 
were not in agreement. In the fig- 
ure a and b should be interchanged. 
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SIMPLE 
PLUG-IN PACKAGES 








Any electronic equipment can now be subdivided into 
sir ple plug-in units that for the first time assure 


your vsers RELIABILITY IN SERVICE 


(The Sser's: own personnel can locate and correct most troubles. on the spot) 
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Here are the bold Here’s how to get them: 
new Standards: IT’S AS SIMPLE AS THIS -- 


oO ] Unitize your circuitry in compact vertical planes , ' a a ee, or) wht 
° . es using Alden sortase Card Mounting System. Stas tt sits) 
Circuitry subdivided, ws aio : 


function by function into + dh +00 © eo. 


lug-in uni Hat = UMPER STRIP 
plug cs. PREPUNCHED TER= MINIATURE liminates wiring CARD. SRD MTS. 
MINAL MTG. CARD TERMINALS for common circuits 
You can use Alden Terminal Mounting Card with perce Miniature Terminals, Jumper y and 
Sockets staked to accommodate any circuitry-—— making complete waits ready for housing. 
Components snap into unique Alden Terminals, are held ready for soldering. 


To mount this vertical circuitry, ALDEN PLUG-IN PACKAGES AND BASIC 
e CHASSIS give tremendous variety with standard components 
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OR CHASSIS 
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Tiny telltales spot trouble fi CHASSIS 
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Standard Alden comp provide dous varicty to build almost any circuitry as plug-ins. With spares, your circuits 
are units replaceable in 30 seconds. 

3 Give chassis easily traceable interconnects and 30-second 
® replacement with ALDEN SERVE-A-UNIT KIT 
IT’S AS SIMPLE AS THIS Arran pe Alden Side Rails (1) cone ves 1) Chansis that plugs te, toch ond cheese 
7 dA wi a turn of the wrist. 2 
Plug in replacement cule your chesale. Alden Serve- organized, accessible and ideatiGed that noo-techaical 


A-Unit Locks (3) mount ia personnel caa service. 
your chassis to engage pre- 
unched holes in Alden Lock 
rame (2) to pilot, draw in, 
lock or eject your chassis. 
Arrange Alden Back Connec- 
tors (4) in orderly row on 


spares in 30 seconds. 


Alden Lock Frame. Mount 


) [ mating Alden Back Connec- 
tors on your Chassis, 

u ~— ALDEN BACK 

CONNECTORS 


All leads brought to sin- 
gle accessible point of 














4, Assign to each unit ALDEN SENSING ELEMENTS — to spot trouble instantly: 


© fre front panel easil MINIATURE MINIATURE MINIATURE 
check — all numbered, ne mounts 6 day Alien Sensing TEST JACK INDICATING INDICATING. 
ty ements -—— 
color-coded — so layman DO) signed to lick i the problem of 
space. 





can make first-level tests. 


REQUEST FREE HANDBOOK 


Describing complete system of Plug- 
in Unit Construction and Compon- 
ents. 226 pages and many Planning 
Sheets. 





By thinking of your Electronic Controls in terms of ultimate plug-in units — you lick 
the problem of RELIABILITY IN SERVICE for your Customer . . . and you wash out 
problems of Design, Manufacture and Procurement for all concerned. 
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FORMED TUBING P 


Stocks of standard oilers and oil cups 
as listed in our new catalog are now 
carried at our factory in Detroit. Com- 
plete manufacturing facilities are 
available for your requirements for 
special oilers and lubricating devices. 









































Our facilities for both high volume and 
small quantity runs of special tube 
forms are at your disposal. We shall 
be pleased to quote, submit samples or 
aid in design of any oiling devices or 
special formed tube parts, the follow- 
ing being a few of the many tube 
parts we can make: 





Spacers Oil Lines 
Bushings Tube Assemblies 
Vent Tubes Orifice Tubes 


Write for our new catalog today. 


EYNON-DAKIN CO. 


9901 Freeland Ave., Detroit 27, Michigan 














“TIMBER-R-R” 
WISCONSIN-POWERED 


Generator Supplies Current 


Quick falls for the big ones, such as this 61/2 ft. Douglas fir, 

are easy when this Electric Chain Saw goes to work. Furnish- 
ing the 180 cycle, 3 phase, 220 volt current is an electric 
generator, powered by a Model VF-4, V-type, 4-cylinder 
Wisconsin Heavy-Duty Air-Cooled Engine. 






















In the timber country and in many other fields, Wisconsin 
Engines are preferred power for these reasons: 


Tapered roller bearings at both ends of the crankshaft 
eliminate all thrusts ® Foolproof AIR-COOLING, sum- 
mer and winter ® An easily-serviced, high-tension out- 
side magneto with impulse coupling for quickest all- 
weather starts ® Rugged construction for heavy-duty service. 


Today, write for the new 64-page application 
and specification booklet, covering all 4-cycle 
single-cylinder, 2-cylinder 
and V-type 4-cylinder 
models, 3 to 36 hp. 


TO FIT THE 
MACHINE 


2"".. 


won ey _ | : 
arm” WISCONSIN MOTOR CORPORATION 
7A. > bl » World's Largest Builders of Heavy-Duty Air-Cooled Engines 
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Domestic 


Food Waste Disposers: Models 
FA-4 and FA-45 both have built-in 
switch which permits operation 
only when shredding compartment 
is covered by the Twistop sink- 
stopper control securely locked in 
“on” position. The FA-45 unit is 
2 in. shorter than the FA-4 and 
can be installed with a high out- 
let trap where a minimum distance 
of 514 in. exists from the bottom 
of the sink bowl to the center line 
of the wall drain opening. Both 
models are powered by a 144-hp 
motor. Standard model FC-20 has 
a series of triangular rubber fing- 
ers which partially close the open- 
ing into the top of the hopper to 
minimize the possibility of food 
waste being ejected from the grind- 
ing compartment during shredding. 
A two-position stopper serves as & 
seal or drain for the sink. A 4- 
hp unit powers this model. A wa- 
ter flow switch, which prevents op- 
eration except when the proper 
amount of cold water is running 
through, is available for all three 
models. Major Appliance Div., 
General Electric Co., Louisville, 
Ky. 

Mower-Leaf Mulcher: Power- 
propelled 20-in. Whirlwind rotary 
blade mower cuts and trims grass, 
and mulches leaves. Has a 244-hp, 
4-cycle engine with a recoil starter. 
Leaf mulcher attachment pulver- 
izes 30 or more bushels of leaves 
a minute, pulling the leaves under 
housing, suspending them and 
chopping them into a fertilizing 
mulch. Toro Mfg. Corp., Minneap- 
olis, Minn. 


Heating and Ventilating 


Room Air Conditioners: Twin 
series of models consists of 54 and 
1-hp units; Super series is com- 
posed of 44 and 4-hp units. With 
rotary Meter-Miser sealed compres- 
sors, Twin series models each have 
two complete refrigeration systems 
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Standard double reduction unit 


Unit with pinion on extended 
shaft supported by outboard 
bearing 
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Close-up of a way of life 
for Speed Reducers 


Long, trouble-free speed reducer 
life is vitally dependent on preci- 
sion generation of the gears. 

The gears of Farrel® speed 
reducers are made by the famous 
Farrel-Sykes method — a process 
that assures accuracy of tooth spac- 
ing, profile and helix angle. The 
herringbone design provides 
evenly distributed pressure over 
each tooth, from tip to working 
depth line. This means that there 
is no tendency for the teeth to wear 
unevenly and thus shorten the life 
of the gears. 

Shafts and bearings are factored 
to safeguard against interruption 
of vital processes. Gear cases are 


proportioned to withstand re- 
peated heavy peak loads. Joints are 
sealed to prevent entrance of dirt. 

Farrel speed reducers are made 
in a number of types, with a wide 
range of ratios and capacities. De- 
signs include single, double and 
multiple reduction units, speed 
change units having two or more 
selective speeds, right angle drives, 
and drives to meet special require- 
ments. 

Wherever power transmission 
must be smooth, quiet, and vibra- 
tionless under all conditions of 
load and speed, specify Farrel 
speed reducers. For further details, 
send for a copy of bulletin 449. 


FARREL-BIRMINGHAM COMPANY, INC., ANSONIA, CONN. 
Plants: Ansonia and Derby, Conn., Buffalo, N. Y. 
Sales Offices: Ansonia, Buffalo, New York, Boston, Akron, 
Detroit, Chicago, Memphis, Minneapolis, Portland (Oregon), 
Los Angeles, Salt Lake City, Tulsa, Houston, New Orleans 


Farrel-Bivmingham 
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FLEXIBLE COUPLINGS 


fk alt 
Dyma-Line | 55 sr your prive: 
1/15 to 1-1/2 
Horsepower 
Min. Leagth 
1” to 2-3/8" 
Lengths to Your 
Drive Design 


Needs 
——__—_———_ 













sit 
#4 #3 #2 #1 #0 #00 


SPECIFY Guardian FOR BEST PERFORMANCE OF YOUR EQUIPMENT 


Guardian Dyna-Line Couplings are available 
in **SUPER-CONSTRUCTION” in the #3 and 
#4 series which apply a quality factor of 2.0 
to the H.P. ratings of these two series. 


Write for 


* Exclusive Guardian Dyna-Line con- 
struction produces a superior one-piece 
flexible power connector by joining the 
three components into one unit while 
they are spinning and held in dynamic 





alignment. C-102 Catalog 
- age, also Drive 
In these couplings, the length of Flex- Data Form #53 for 
plings & A 
Element — enters the function of pee wooed recom- 
needed adjustment to misalignment, or : 


of added torsional damping. Exceptional 
lateral flexibility with minimum stresses 
imposed and torsional stability retained 
are controlled design features. 


Exclusive manufacturers of Guardian Splined 
Sleeve Couplings—standard for years in the 
Oli Burner industry. NOW AVAILABLE with 
long-wearing Nylon spline member. Ask about 
Guardian's NeW JAW-TYPE* coupling with 


Nylon member. 
*Patent Pending 


PRODUCTS CORP. 


COUPLING LIVISION 
Dept. IC-M, 1215 E. Second Street 


a ee oe 
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* 
Durametallic 
Engineered Sealing | = 


N 
\ 


SS 


SS 


an important co 
in America’s defense 
and domestic production program 


Durametallic is geared to engineer or produce 
the very best in metallic packings and mechanical 





seals for refineries, chemical plants, pipe lines, ships, 
power, synthetic rubber and general industry. . . 


write 


FILE NO. FMD 





_DURAMETALLIC (3) CORPORATION } 





KRALAMAZOO MICHIGAN 
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for varying weather conditions. 
Plastic air delivery grilles cause 
air to move up or down as desired, 
and vanes direct air in any hori- 
zontal direction. Centrifugal blow- 
er type fan is housed in a section 
behind the cooling coil and sur- 
rounded by sound-absorbing insu- 
lation. Return air enters the unit 
along the bottom front edge of the 
cabinet, and stale air is exhausted 
through a small panel on the cab- 
inet top. Twin series units are 
available for 115, 208 and 230-v 
operation; Super series units are 
available for 115-v operation only. 
Frigidaire Div., General Motors 
Corp., Dayton, O. 


Portable Heater-Ventilator: Pal- 
maire Jr. heats, humidifies, circu- 
lates air and can be used as a spot 
evaporative cooler. As a heating 
unit it has a 1350-w heating element 
that produces 4600 Btu. As a hu- 
midifier it circulates 2 gal of water 
from its reservoir over a specially 
developed spun glass pad. Air is 
filtered as it is drawn through the 
pad for distribution by the fan. 
This humidified air can be warmed 
by means of the heating element. 
Unheated, the unié acts as an evap- 
orative cooler. Used as an elec- 
tric fan, it circulates 700 cfm of 
cool, filtered air. The unit weighs 
28 lb. McCray Refrigerator Co. 
Inc., Kendallville, Ind. 


Room Air Conditioners: Rede- 
signed models in 44, %, %4 and 1- 
hp sizes provide increased cooling 
and dehumidification, as well as 
a lower velocity air flow, resulting 
in quieter operation. Three cir- 
cular louvers can be rotated inde- 
pendently to direct air flow in vari- 
ous patterns. Five ventilating con- 
ditions may be selected: maxi- 
mum cooling, normal cooling with 
ventilation, cooling with extra de- 
humidification, fresh air ventila- 
tion, and stale air exhaust. Pre- 
selected temperature is maintained 
by thermostatic control. All mod- 
els are 14% in. high and 255% in. 
wide. The three smaller units are 
31% in. in overall depth and ex- 
tend 1334 in. into the room from 
the window line; the 1-hp model 
is 32% in, in overall depth and 
extends 14%, in. into the room. 
The four models are designed for 
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Bi-metallic offset plates are 
made of ENDURO Stain- 
less Steel by Frederick H. 
Levey Co.,Inc., Philadelphia, 
Pa., under the Aller Process. 


2,000,000 PRINTED 
IMPRESSIONS @eeeesde 








from one ENDURO Stainless Steel Plate 


eet 




































See and Hear 


“THE STORY OF STAINLESS” 


Full-color, 16 mm sound film 
—27 minutes running time. 
Dramatic . . . historic . . . in- 
teresting. Available to quali- 
fied groups without charge. 
Requires 16 mm sound pro- 
jector. Send name of organ- 
ization, type of projector, re- 

quested date to Ideal Pictures 
Corp.,Dept.T-4,65 E.So. WaterSt.,Chicago 1,IIl., 
or write Republic Steel, Dept. K, Cleveland 1,0. 














@ The gentleman is holding a stainless steel 
printing plate, ready for mounting on an offset 
press. It has an electroplated copper surface 
upon which the reproduction material is etched. 


Bi-metallic plates like this have turned out more 
than 2 million impressions on paper, and a: 
many as 1 million impressions on tin cans—about 
ten times the impressions on tin by some other 
printing processes. Throughout the long runs, 
quality of the printed material is excellent. 


It’s the extreme wear-resistance of stainless steel 
that makes such unusually long printing runs 
possible. The ENDURO plate doesn’t wear away. 
It resists the action of etching acids applied to 
the copper surface. And, for greatest economy, 
this ENDURO plate is 100% reusable. It requires 
only straightening and a new copper surface to 
get it ready for millions more impressions. 


Here’s another case in which this most versatile 
of commercial metals is imaginatively applied 
to improve a process and cut costs. What similar 
jobs can ENDURO Stainless Steel do for you? 
Republic metallurgists are ready to pool their 
thinking with yours—to help you apply ENDURO 
most effectively and economically. Just write: 


REPUBLIC STEEL CORPORATION 


Alloy Steel Division + Massillon, Ohio 
GENERAL OFFICES . CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N. Y. 


Other Republic Products include Carbon and Alloy Steels — Pipe, Sheets, Strip, Plates, Bars, Wire, Pig Iron, Bolts and Nuts, Tubing 
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HERE’S WHAT 


IVG 


MEAN BY= 


use in rooms ranging in area from 
200 to 700 sq ft. The %4-hp size 
will also be available with re- 
verse cycle operation for heating. 
Major Appliance Div., General 
Electric Co., Louisville, Ky. 








Materials Handling 


Electric Skid Truck: Rider type 
truck transports semi-live skids in 
congested areas and narrow hand 
truck aisles. A toggle lever, mount- 
ed on the front of the tractor unit, 
engages the wheelless end of the 
'skid and raises the legs off the 
floor for easy movement. Truck 
handles loads up to 4000 lb and 
jcan turn in a 40 x 48 in. inter- 
| Secting aisle with a skid 24 in. 
i'wide x 60 in. long. Travels at 
| speeds up to 5 mph. Raymond 
|Corp., Greene, N. Y. 
| Revolving Crane Truck: Capa- 
‘city is 2000 lb; overall height is 
168 in. Truck’s hook, which is 60 
in, high when raised and 10 in. 
high when lowered, projects 24 in. 
‘ane either side of the truck and 
lis raised and lowered by a pump 





Pivot Type 


and motor which pumps fluid into 
a double-acting ram inside the 
main mast. The hook does not de- 
pend upon gravity for lowering. 
Boom has a complete angular 
travel of more than 180 degrees. 
Truck body is 36 in. wide; 924% in. 
long overall and has a 57-in. long 
platform. It weighs 4800 Ib in- 
cluding battery. Loaded, speed is 
about 214 to 3 mph. Market Forge 
Co., Everett, Mass. 


Metalworking 


Milling Machine: Keller type 
BG-21 is used either as an auto- 
matic electric tracer-controlled 
unit or as a regular milling ma- 
chine. Tracer milling is accom- 
plished by either following a sheet 
metal template or side walls of a 
model with a profiling tracer and 
cutting the duplicate shape with 
the side of an end mill, or by using 
a three-dimensional tracer to fol- 
low a full model in a series of 
parallel passes with the spacing 
preset by the operator. Horizontal 
construction provides maximum 
support for spindle head. Movable 
weight is constant, since workhold- 





Ball Bearings 
.043 -OD. 





Smallest Ball Bearing Ever 
Manufactured Commercially 


FABRICATING... 





An RMB First 


These bearings, developed by RMB, are not 
toys. Type Cl, and the other ten sizes in the 
C series, are hard-working components of— 

@ Delicate Instruments 

@ Small Motors 

@ Scales and Gauges 

@ Small gear trains for clockwork 

@ Vibration Pick-ups 

@ Aircraft Instruments 
—anywhere a miniature bearing is needed to 
reduce friction, where space is at a premium. 
Bring your miniature bearing problems to RMB. 
A complete line of over 250 minicture and 
instrument bearings including radial and 
roller types available for prompt delivery. 
Experimental quantities from stock. 


Write for Catalog 11 | 


SQPLANDIS CNR, a 


INCORPORATED _—misfE. 


ee ger 
45 West 45th St. *« New York 36, New York | — 4719 N. 








MILWAUKEE 16, WISCO 
A 7293-4 
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ing table is stationary and the 
spindle head carries the cutter 
along the work. Work and model 
need not be located in exact re- 
lation to each other, inasmuch as 
both the spindle and tracer are 
adjustable. Machine has a cen- 
tral oiling system. All sliding sur- 
faces have phenolic-to-metal con- 
tacts, and all lead screws run 
through molded phenolic nuts. 
Available in five sizes ranging from 
4 x 2% ft to 10 by 4 ft. Pratt & 
Whitney Div., Niles-Bement-Pond 
Co., West Hartford, Conn. 
Horizontal Spindle Grinder: 
Head slide has hydraulic cylinder 
to hold head against a micrometer 
adjusted stop which controls 
amount of stock to be removed. 
Grinding head consists of a heavy 
spindle, 3.937 in. in diameter at 
the wheel collar end; a double 
roller type bearing for radial load; 
and two adjustable thrust ball bear- 
ings. Hydraulically operated work 
table travels on dovetailed ways 
and has a working surface approxi- 
mately 15 in. wide x 18 in. long 
with T-slots for mounting fixtures. 
Grinding head is driven by a 25- 
hp motor. Stock removal is 3/64 
to 1/16-in. maximum overall; ac- 
curacy is 0.0003 to 0.001-in. for 
flatness; 0.010-in. for uniformity. 
Gardner Machine Co., Beloit, Wis. 
Straightening Machine: For 
squares, flats and structural shapes 
such as angles, channels, T-sec- 
tions, -etc. Straightens squares 
from % to 2% in. and flats up 
to 4 x lin. at speeds up to 400 fpm. 
Outboard bearings facilitate roll 
change while retaining machine 
strength approaching that of a unit 
with a double housing. Roll change 
necessitates only the loosening of a 
single bolt for each bearing. When 
each is removed, the shaft is fully 
supported by the two main bear- 
ings. Pass line consists of four 
bottom driven rolls with five top 
pressure or deflecting idler rolls. 
Pressure adjustments are con- 
trolled by handwheels. Top roll 
housings are adjustable longitu- 
dinally on the base to provide for 
sharper deflection of small sec- 
tions. Top rolls have in-and-out 
adjustment along the center line 
of the roll shaft so that they may 
(Continued on Page 406) 
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LEWELLEN Variable- - Speed DRIVE 
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Help Industry Impreve Produc 
Cut Costs 










|—it’s a job for 
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TRANSMISSIONS 
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Zz & td 


SCOTT AND FETZER PRESENTS PROBLEM to G-E G-E ENGINEERS REDESIGNED the motor windings, and 
Engineer: how to get a more powerful, yet cooler-operating eliminated the tape from the field. This solution was worked 
motor for the Scott and Fetzer Kirby Home Sanitation System out by the G-E Specialty Motor Department in Fort Wayne. 
in same frame size. 




















12% MORE POWER was achieved by the SAME SIZE, SAME COST to customer INTERCHANGEABLE PARTS, in 
Specialty Motor Department’s design, yet the meant no costly redesign of their product, or new motor, eliminate any service prob- 
temperature rise was cut by almost 50%. extra cost for its better motorization. * Jem with older units now in the field. * 








Here’s proof that 


It pays to get motor 
‘application help from G.E. 


Designing skill unbeaten anywhere is behind the significant Scott 
| and Fetzer story told briefly on the left. It typifies the practical 
advantages you gain when you take advantage of General Electric’s 


motor application service. 


4A ¥ Scott and Fetzer, to get the power they needed, were faced with re- 
on designing their product to accommodate a larger, more powerful 


motor. They took their motor application problem to G.E. The 
Specialty Motor Department at Fort Wayne gave them the power 
they needed in a motor of exactly the same size which didn’t cost 
them a cent more! 

G.E.’s engineering experience, skill, and thoroughness, which 
helped Scott and Fetzer, is ready to help you. G.E. Engineers, 
backed by years of experience in solving motor problems of every 
kind, will work with you to design the motor which exactly fits 
your special needs. 

Next time you have a motor designing problem, take it to your 
nearby General Electric Apparatus Sales office. General Electric 
Company, Schenectady 5, N. Y. 79 


GENERAL @@ ELECTRIC 
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Vhiokol LIQUID POLYMER LP-2 


BUILDS PERFORMANCE INTO 
COMpPOPF, Oil SEALS and PACKINGS 





ik ee | 
le ei oM 


Thiokol’ Quip POLYMER LP-2 IS A SOLVENTLESS 
LIQUID THAT CONVERTS TO A RUBBER AT 
ROOM TEMPERATURE WITHOUT SHRINKAGE. 


© EXTREME OlL AND SOLVENT RESISTANCE © TOUGHNESS AND RESILIENCE 
© EXCELLENT AGING PROPERTIES * IMPERMEABILITY TO GASES AND MOISTURE 
© BROAD OPERATING TEMPERATURE’ RANGE * HIGH BOND STRENGTH 





The desirable properties of “Thiokol” LP-2 may help you build perform- 
ance into your product. In addition to its use in leather impregnation, 
“Thiokol” LP-2 does an outstanding job in sealing, potting, casting and 
adhesive applications. Write for technical information and samples. 


Thiokol Chemical Corporation supplies “Thiokol’’ LP-2 only as 
a raw material. We will gladly indicate sources of supply of fin- 
ished products to end-users. 


Thiokol Chemical Corporation 


784 NORTH CLINTON AVENUE, TRENTON 7, NEW JERSEY 
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be staggered in relation to the bot- 
tom rolls and to each other. Sut- 
ton Engineering Co., Bellefonte, Pa, 

Cutoff Machine: Model M-35 has 
direct-drive 344-hp geared-in-head 
motor which delivers full power 
to the cutting edge. Machine uses 
a 12-in. abrasive wheel for cutting 
ferrous metals and a 12-in. steel 
saw blade for cutting nonferrous 
metals. Capacity in ferrous metals 
is 1\%4-in, solids, 2%-in. OD pipe 
and 2'%-in. structural shapes. Ca- 
pacity in nonferrous metals is 24%- 
in. solids and 3-in, tubing and ex- 
trusions. Stone Machinery Co. Inc., 
Manlius, N. Y. 


Plant Equipment 


Slab Breaker: Pneumatic impact 
machine has span of approximate- 
ly 20 ft and can be built with vari- 
ous stroke lengths ranging from 
42 to 84 in. depending on impact 
required. Delivers =0 to 60 im- 
pacts per minute with a 64,000 ft- 
lb impact. In operation, crane 
picks up slab and places it on anvil. 
Machine then moves into position, 
breaks slab to desired size, and 
withdraws. Hydraulic bulldozer is 
used to push broken material off 
slab onto cars. R.P.B. Corp., Los 
Angeles, Calif. 

Motor Driven Pumps: The 3600 
Series MAHBRV No. 5 and No. 6 
pump units have a range of capa- 
cities from 70 to 226 gpm at 60 
psi. Each size has three inter- 
changeable gear ratios. Features 
include totally enclosed gear reduc- 
tion running in oil; antifriction 
bearings throughout gear reduc- 
tion; indoor or outdoor operation 
without need of pump house; stur- 
dy bedplate for rigid mounting of 
both pump and motor; compact de- 
sign. Pump head has two equal 
size pumping gears which operate 
in axial hydraulic balance and are 
keyed to the shaft with sliding fit, 
facilitating inspection or replace- 
ment. Pump head is available with 
or without built-in relief valve. 
Geo. D. Roper Corp., Rockford, TM. 


Processing 


Vacuum Furnace: Airfre high- 
temperature electric furnace pro- 
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This Size ....) 









or This Size....» 


with all “kinds of sizes’ in between 


SASSIP’s wide range of bearing types and sizes, plus 
helpful SSS engineering cooperation, makes it pos- 
sible for you to select the bearing whose char- 
acteristics make it the best bearing choice 

for your particular application. 





SELF - ALIGNING 
BALL BEARINGS 


Compensate for angular mis- 
alignment resulting from faulty 
mounting, shaft deflection or 
distortion of the foundation. 
For radial loads and moderate 
thrust loads in either d@ection. 


SPHERICAL 
ROLLER 
BEARINGS 


Unexcelled for capacity. In- 
herently self-aligning. The full 
capacity of the bearing is always 
available for useful work. Will 
carry substantial thrust load in 





DOUBLE-ROW 
DEEP GROOVE 
BALL BEARINGS 


Embody the same design prin, 
ciple as the single-row type, but 
have lower axial displacement 
and substantial thrust capacity 
in either direction. Have very 
high radial capacity. 





SINGLE -ROW 
DEEP GROOVE 
BALL BEARINGS 


Sustain, in addition to radial 
load, substantial thrust load in 
either direction even at high 
speeds. Available with famous 
Fairprene Red Seals which keep 
dirt out and lubricant in. Also 
with any combination of Red 


either direction. 
ANGULAR 
CONTACT 


7 
BALL BEARINGS 


Support heavy thrust load in one 
direction, sometimes combined 
with moderate radial load. Can 
be mounted singly or in tandem 
for constant thrust load in one 
direction; also in pairs, face-to- 
face or back-to-back, for com- 
bined thrust and radial loads. 





CYLINDRICAL 
ROLLER 
BEARINGS 


Very high radial capacity and 
low friction which permits high- 
speed operation. asy to dis- 
mount, even when both rings are 
mounted with a tight fit. 





Seals, shields, and snap-rings. — 
Furnished in standard or pre- 
cision tolerances. 

—- BALL SPHERICAL 





For pure thrust load in one 
direction only. Not self-aligning. 
The load line through the balls 
is parallel to the shaft axis, re- 
sulting in high thrust capacity 
and minimum axial defiection. 








For heavy thrust loads, or com- 
bined joads which are predomi- 
nantly. thrust, at high speeds on 
vertical or horizontal shafts. 
Fully self-aligning. 





SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 
— manufacturers of S%&F and HESS-BRIGHT bearings. 


BALL AND ROLLER BEARINGS 
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COMPARE these Scarfing Rings used 
in the tip of a Gas Torch... 





SUPER-ALLOY Ring 


after 


162 HOURS 


KENTANIUM Ring 


after 


1,960 HOURS 


There’s no sign of wear on the Kentanium ring and it’s still on the job 

_ after 1,960 hours (80 days) of service! Compare this performance 
with that of the super-alloy ring that had broken down from thermal 
shock, abrasion, and oxidation after only 162 hours . . . a better than 
TEN to ONE record in favor of Kentanium. This is a typical example 
of how industry is effectively using heat-resistant Kentanium. 


Whats Vourl(UO Cesign Problem? 


If you need a material having long service life at elevated temperatures, 
investigate Kentanium . . . an exclusive development by Kennametal. It 
is a titanium carbide base composition. 

Kentanium resists thermal and physical shock, withstands abrasion and 
oxidation, and retains great strength at 1800°F and above. It weighs only 
24 as much as steel; is up to 93 RA in hardness. 

Many grades of Kentanium are available to meet combinations of 
specific conditions. A wide variety of simple or complex shapes can be 
produced, to meet your specifications. Ask our engineers to recommend 
| ow von can beet onply this remarkable, new heat-resistant material. 


Pa. 
nt of KENNAMETAL Suc. Latrobe, Po 








An Exclusive Developme 


KENTANIUM 


G > 


TITANIUM CARBIDE 
pAL cities 


SISTANT, HI 
CEMENTED 
ces In PRINCI 


HEAT-RE 





sates OFFl 
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duces temperatures up to 2500 F 
and vacuums up to 29 in. Higher 
vacuum can be supplied for special 
applications. Furnace and vacuum 
system can be used independently 
of each other. Available in vari- 
ous sizes, complete with vacuum 
pump and control equipment such 
as gages, automatic pressure con- 
troller, Variac, ammeter, timer and 
automatic temperature controller. 
K. H. Huppert Co., Chicago, Ill. 


Steam Cleaner: Self contained 
Model LH discharges up to 150 
gph of balanced cleaning solution. 
Cleaning pressures range from 30 
to 100 psi for applications from 
paint stripping to rapid cleaning 
of heavily encrusted or grease coat- 
ed parts and surfaces. Heating 
coil, wound in a helical pattern, 
provides thermal efficiency of 75 
per cent minimum. Full working 
pressure is attained in two min- 
utes from a cold start. Models 
are available oil and gas-fired; 
electrically and gasoline engine 
driven; in portable, stationary or 
trailer types. Each can be equipped 
with remote nozzle control, Ther- 
mostat controls prevent overheat- 
ing by cutting off fuel supply to 
burner in the event of excessive 
pressure or temperatures due to 
water supply failure. Clayton Mfg. 
Co., El Monte, Calif. 


Mold Forming Machine: Spomat- 
ic unit automatically mass produces 
uniform standard molds. It makes 
accurate copes and drags simul- 
taneously, sets the cores, closes the 
molds and puts them on the pour- 
ing conveyor. After the molds 
have been poured and put through 
a cooling cycle, it knocks out, 
cleans and separates the flasks and 
feeds them back into their respec- 
tive ramming machines for imme- 
diate re-use. SPO Inc., Cleveland, O. 


Heat - Treating Furnace: Model 
FG-430 handles all work including 
high-speed steels, at continuous 
heavy duty up to 2500 F and can 
handle higher temperature work 
over shorter periods. Gas-tight 
ports connect atmosphere reducing 
sources. Counterbalanced door is 
foot controlled and pneumatically 
operated. Flame curtain is located 
immediately below the opening and 
ignites automatically when the door 
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For lasting efficiency with less maintenance, specify 


DENISON HydrOlLic 
PUMPS, MOTORS, CONTROLS 


For circuit pressures to 5000 psi 














SURGE-DAMPING 

CONTROLS 

Industrial and Aircraft Types 

Eliminate Destructive Hydraulic 
Pressure Shock * 

V4" to 1” Sizes 

For Pressures to 5000 psi 


Catalog VS-1-A 


























PRESSURE CONTROLS 
Vp” to 1%” Sizes 

For Pressures to 2000 psi 
Catalogs VRD-1 through VRD-8 


Direct-Operating H 





High-Pressure Axial-Piston 

PUMPS 

Constant or Variable Volume 

For 2500, 3000 and 5000 psi 
Circuit Needs 

3.5 to 35 gpm Capacities 

Catalogs P-4 through P-4-10 





High-Torque Axial Piston 
FLUID MOTORS 


Torque Ratings 13.8 to 112 
inch-pounds per 100 psi 
{about 3 to 180 hp moximum) 
For Pressures to 5000 psi 

1500 to 3000 rpm 

Catalogs FM-1, FM-2, FM-3-A 











Dual-Purpose, Vane-Type 

PUMP /MOTOR 

Ready for either pump or motor 
use without change 

Shaft rotation in either direction 


Four Sizes, 11 Models 
Pumping Capacities: 3 to 82 gpm. 
Motor Torque: 13 to 257 inch-pounds 


per 100 psi. Pressures to 2000 psi. 
Bulletin P-5 








DIRECTIONAL CONTROLS 
Manual, Mechanical, Electric or 
Pilot Control. 4" to 2” Sizes 
For Pressures to 5000 psi 


Catalog VD-3 


PRESSURE REDUCING 
VALVES 

¥," to 12” Sizes 

20 gpm to 65 gpm Capacities 

For Pressures to 5000 psi 


Catalog VPR-1 








Multi-Range 
FLOW CONTROLS 
Full-Scale Regulation— 
Adjustable for Varying Input 
Ye" to 4" Sizes 

For Pressures to 3000 psi 
Catalogs VFC-1, VFC-2 

















PROVED IN USE 


under industry’s toughest operating conditions 


Denison HydrOILic Pumps, Motors and Controls are noted for their com- 
bination of high efficiency and rugged dependability. 
In addition to fine performane under continuous, heavy-duty use, Denison 
HydrOILic Equipment offers space-saving design that simplifies circuit layout, 
makes installation easier, and minimizes maintenance problems. 
Because so many users verify the extra value built into Denison Pumps, Motors 


DENISON 


and Controls, we continue the challenge 
made so often before—/et comparison prove 
to you why they are first choice for so many 
needs of every type. Write today for full 
details on Denison HydrOILic Equipment to 


meet your requirements. 





PUMPS ' MOTORS : CONTROLS ! PRESSES 


drOlhica 





Pilot-Operated, Solenoid-Controlled 
DIRECTIONAL VALVES 


Eliminate Spool-Sticking 
¥," to 12" Sizes, For Pressures to 5000 psi 


Catalogs VD-1-1 to VD-4-2 





— 


PUMPING UNITS 
Constant and Variable Volume 
46 Models—2 to 35 gpm Capacities 
For Pressures to 5000 psi 
Bulletins PU-3-A, PU-4 and PU-5 








¥," to 2” Sizes 
For Pressures to 5000 psi 


Hydraulically Balanced 
PRESSURE CONTROLS 


Catalogs VR-2-B and VR-S-2 





“The Finest Monon, Can Buy!” 


The DENISON Engineering Company, 1156 Dublin Road, Columbus 16, Ohio 
409 


MACHINE DESIGN—December 1953 





























For over 38 years Erie has 
. manufactured bolts and studs to 
Fhe the specifications of Diesel En- 
/ gine builders. This specialized 
experience gained in working 
with leading Diesel designing 
engineers assures you of getting 
the exact materials and the 
precise tolerance in bolting 
desired for your Diesel. Send 
us your specifications for Diesel 
Connecting Rod Bolts, Cylinder 
Head Studs, and other special 
bolting. 













































Representatives in Principal Cities. 
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opens. Heating elements, located 
beneath the hearth and above the 
chamber, extend completely 
through the furnace and may be re- 
placed without unloading or other- 
wise disturbing the furnace. Load- 
ing area is 14 in. wide, 24 in. deep 
and 12 in. high; outside dimensions 
are 50 in. wide, 52 in. deep and 84 
in, high, excluding panels. Pereny 
Equipment Co., Columbus, O. 


Testing and Inspection 


Gear Tester: S & F gear tester 
for inspection of all types of fine 
pitch gears, including spur, bevel 
and helical; worms and worm 
gears; flat and round racks; pinion 
shafts; finished and semifinished 
gear assemblies; and small gears 
and pinions used in instruments 
and dial gages. Test gear is ro- 
tated in contact with a master 
gear, both flanks contacting the 
master, so that the gears mesh 
without backlash. Available for 
either hand or motor-driven rota- 
tion of gears. Instrument consists 
of a bed, a slide which carries the 
test gear, and a measuring slide 
carrier for measuring slide and 
master gear. Interchangeable bed 
slides are available. Measuring 
slide travels on ball bearings with 
pressure maintained by a flat 
spring in the measuring slide car- 
rier. Total travel of the measur- 
ing slide is Y%-in. Slide can be 
clamped at any point within the 
limits of its travel. Measuring 
slide is adjustably spring loaded, 
with pressures ranging from 0 to 
8 oz in either direction. Kurt Or- 
ban Co. Inc., New York, N. Y. 


Test Cabinet: Has blower and 
time-pattern controllers. Temper- 
ature range is from 0 to 300 F; hu- 
midity range is limited within tem- 
perature range and both are con- 
trolled to +1F, Temperature and 
humidity change and length of 
cycle at a predetermined plotting 
over 24 to 48-hour periods are au- 
tomatically cam controlled. Pen 
recorder automatically graphs ac- 
tual temperature and humidity. 
Has two 17% x 2614-in. deep and 
two 17% x 18-in. deep shelves. 
Anetsberger Brothers Inc., North- 
brook, Il. 
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never a failure with... 


HET MM %.éc/ ROD ENDS 





ntreres in the Heim Unibal. Ww 


to sen 


d you a sample 


will be happy catalog: 


te 
: comple 

sag with our 
bearing 


THE HEIM 
FAIRFIELD, 


Heim Unibal Rod Ends are used in the linkage between the 
blower damper and the oil metering valve, and serve to pro- 
portion the air and oil supply for high and low fire operation 
of this Cleaver-Brooks Self-contained Boiler. 

Cleaver-Brooks Company’s engineering department is well 
satisfied with the performance of the Heim Rod Ends, and 
their service department has never encountered a rod end 
failure in field applications. 


my 


. 


— 
a”) 


| ‘ 





The Heim Unibal Rod End hae 
ecngle, hardened ball which oscillates freely 
tn all directions in tts Cronze socket. Tt 

covrects misaliqument tn all 
directions; tt reduces friction and 

lost motion; and a carries 
heavier loads. 


COMPANY 
CONNBSCIVEC? 6G 
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[Automatic Valve Operation 
With No Electrical Power! 


ASCTA. 


Pressure Operated Manual Reset Valves 
\q 








APPLICATIONS—Bulletin 8035 Valves are ideal for re- 

motely controlled, safety shut-off applications where it is 

not desirable to depend upon electrical power for opera- 

tion. Valves are pressure operated, thus: 

A. eliminating explosive hazards encountered with elec- 
trical operation. 

B. assuring completely reliable operation where electricity 
is undependable or non-existing 


AVAILABILITY—Two types: 

(1) Trip on pressure failure 

(2) Trip on pressure application. 
Standard Valves are constructed of bronze, cast-iron, steel, 
and stainless steel. Other materials are available if re- 
quired. Valves can be provided with auxiliary switches for 
indicating lights or electrical control circuits. 





Moximum 
PIPE SIZES PRESSURES 
(Inches) (Ibs./sq. in.) 
2 Way* ¥_-6 600 
3 Way Wa- YW 300 
4 Way Va-¥Ve 250 


*Normally open or normally closed 


MOVEMENT 


























OPERATION — Valve is man- 
vally set and remains in oper- 
ating position until pressure is 
lost or applied (depending 
upon Valve type). Once 
tripped, the Valve must be 
manually reset. 























ASCO lists hundreds of standard valve types and main- 
tains an engineering service for special designs. We man- 
vfacture a complete line of Electromagnetic Controls, 
including Automatic Transfer Switches, Remote Control 
Switches, Contactors, Relays, and Complete Control Panels. 


Write for Free Literature! 


Aulomatic Swilch Co. 


387 LAKESIDE AVENUE ORANGE NEW JERSEY 




















OF MACHINES 


Formerly manager 
of large motor engi- 
neering, Charles R. 
Sutherland has been 
named assistant chief 
engineer of Reliance 
Electric and Engi- 
neering Co., Cleve- 
land. Mr. Sutherland 
is a graduate in me- 
chanical engineering 
of Fenn College, from 
which school he also 
holds a degree in in- 
dustrial engineering. 
He received his mas- 
ter’s degree in me- 
chanical engineering 
from Case Institute 
of Technology. In 1939, following work in electric 
motor design at Apex Electric and Engineering Co., 
Mr. Sutherland joined Reliance. He advanced from 
assistant chief draftsman through intermediate en- 
gineering assignments to the position he now vacates 
to assume his new duties. 


Charles R. Sutherland 


. 


Isaac F. Kinnard, manager of engineering of the 
Meter and Instrument department of General Electric 
Co., was awarded an honorary doctor of science de- 
gree during recent convocation ceremonies at Queen’s 
University, Kingston, Ontario, Canada. He was hon- 
ored for his professional engineering accomplishments 
and his efforts to develop the engineers and scien- 
tists of the future. Dr. Kinnard is the author of 
“Successful Product Design,’ which appeared in the 
June 19653 issue of MACHINE DESIGN. 


° 


C. C. Hurlburt has joined the Welding Div. of P. R. 
Mallory & Co. Inc., Indianapolis. Mr. Hurlburt was 
recently chief standards engineer for the Piasecki 
Helicopter Corp. and before that did procedure and 
engineering standards work for Fairchild Engine & 
Airplane Corp. and for the Curtiss-Wright Corp. 


° 


Alten Foundry & Machine Works Inc., Lancaster, 
O., has announced the promotion of Fred R. Bayne 
to the position of chief engineer. Mr. Bayne came 
to Alten as assistant chief engineer from the Cincin- 
nati Milling Machine Co. in 1951. Announcement was 
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honah Seay ants +. one gear or 10,000 or more 
ILLINOIS GEAR & MACHINE COMPANY 
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also made of the appointment of William A. Morris 
Jr. as product development engineer. Mr. Morris has 
served as consulting engineer at Parkersburg Rig & 
Reel for the past ten years. 


° 


With duties that include overall responsibility for 
engineering and research, Theodore W. Rundell has 
been appointed vice president in charge of operations 
at Servel Inc., Evansville, Ind. 


° 


Victor Frank Tripoli, former design engineer with 
Gaynes Engineering Co., has joined the mechanism 
and dynamics department staff of Armour Research 
Foundation of Illinois Institute of Technology, Chi- 
cago. Mr. Tripoli will be a design engineer in the 
machine structure section of mechanism and dy- 


namics. 
. 


Vice president in charge of engineering since 1951, 
William H. Harris Jr. was recently elected to the 
board of directors of Micromatic Hone Corp., Detroit. 


° 


The Atomic Power Div. of Westinghouse Electric 
Corp., Pittsburgh, has announced the appointment 
of William E. Shoupp as assistant division manager 





TECHNICHARTS make sharper, 








Available in all standard rulings, including: 


Cross Section Forms Logarithmic Forms 
Mathematical Forms Time Period Forms 
and other populor rulings—Standord sheets—84" x 11” and 11”x 17” 


Ask your dealer for details and samples, or write: 


CLEARPRINT PAPER CO. 


1482 SIXTY-SEVENTH STREET - EMERYVILLE, CALIFORNIA 
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faster reproductions 





in charge of development. Dr. Shoupp formerly 
served as director of development for the division. 


. 


E. W. Spannhake 
was recently named 
director of engineer- 
ing and research of 
LeTourneau-Westing- 
house Co., Peoria, Ill. 
He will be respon- 
sible for co-ordinat- 
ing engineering func- 
tions involving prod- 
uct research, design 
and development. Mr. 
Spannhake, who was 
born in Germany, re- 
ceived his bachelor’s 
and master’s degrees 
in mechanical engi- 
gineering at Massa- 
chusetts Institute of 
Technology. He engaged in private engineering con- 
sulting work both in the United States and abroad 
and was employed by American Bosch Co., American 
Locomotive Co. and the Lima-Hamilton Co. in vari- 
ous engineering and research capacities. For the past 
five years he has been associated with Barnes and 
Reinecke Inc. and served that firm as technical di- 
rector of research and development activities. Mr. 





E. W. Spannhake 
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150 m.p.h. push-up... 


Any time you fly in a Martin 4-0-4, Superior tubing is 
probably working for your safety. 

Once you’re airborne, watch the 840-pound main land- 
ing gear assemblies flip forward and up with amazing 
speed, even though they may be working against a 180 
m.p.h. drag. Fast landing gear retraction gives you an 
extra margin of take-off safety because “clean” aircraft 
have better flight characteristics. 

Chances are your Martin 4-0-4 contains many feet 
of Superior }4’’ stainless steel tubing. In the hydraulic 
system, this tubing operates at a pressure of 3000 p.s.i., 
normally. On Martin’s torture racks, it has demonstrated 


remarkable endurance under violent pressure surges at 
1000 cycles per second, even around minimum bends. 

Performance like this may well have a bearing on your 
production problems as well as on your personal safety. 
Superior’s long experience in fine tubing, backed by 
highly-developed production equipment and extensive 
research and testing facilities assures you of top-quality 
small tubing for doing tough jobs well. Outline your 
own production problems in a letter to us, right now— 
we'll send you complete information and the appropriate 
Data Memo by return mail. Address: Superior Tube Com- 
pany, 2010 Germantown Ave., Norristown, Pennsylvania. 


Round and Shaped Tubing available in Carbon, Alloy, and Stainless Steels, Nickel Alloys and Beryllium Copper. 


ae @ Yo - 


West Coast: Pacific Tube Company, 5710 Smithway St., 
Los Angeles 22, Calif. UNderhill 0-1331 
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THE ” All analyses .010"' to %"''0.D. 
Certain analyses (.035'' Max. wall) up te 1%"’ O.D. 
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urebon 


SOLVES MANY PROBLEMS 


caused by sliding or rotating 
parts which are DIFFICULT OR 
IMPOSSIBLE TO LUBRICATE 


A constantly increasing stream of problems are fac- 
ing engineers and designers today involving sliding or 
rotating parts where lubrication is difficult or impos- 
sible. For such applications, Purebon, the mechanica) 
carbon, is often the ideal answer. Typical applications 
are seal rings, bearings, pistons, piston rings, pump 
vanes, valve seats, meter discs, and a host of similar 
items. Purebon comes in a wide variety of grades. It is 
strong, tough, readily machinable and in many cases 
can be molded directly to size. 


Bulletin No. 52 tells the complete story of Purebon. 
Write for your copy today. 


PURE CARBON CO., INC. 


446 HALL AVE. 


ST. MARYS, PA. 
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Spannhake is a member of the American Society of 
Mechanical Engineers and the Society of Automotive 


Engineers. 
° 


Airway Products Inc., Pontiac, Mich., has appointed 
Ernst F. Klessig as director of engineering. Mr. Kles- 
sig was formerly executive design engineer at Vickers 


Inc. 
a 


Robert G. Gustavson has joined the engineering 
department of Pastushin Aviation Corp., Los Angeles, 
as projects engineer in charge of jettisonable fuel 
tanks, external stores, and mechanism design. 


7 


Raymond H. Rice, vice president of engineering, 
has been elected to the board of directors of North 
American Aviation Inc., Los Angeles. 


. 


Wesley E. Bartholomew, W. K. Donaldson and Saul 
M. Ferman recently joined the technical staff of 
Hughes Research and Development Laboratories, Cul- 
ver City, Calif. 


¢ 


Perry Arant, who has headed product engineering 
activities at Clayton Mfg. Co., El Monte, Calif., for 
the past ten years, has been appointed vice president 
in charge of engineering. Mr. Arent joined the com- 
pany’s engineering staff in 1935. 


° 


Formerly executive engineer, Ben. F. Bregi has been 
elected vice president in charge of engineering of 
National Broach & Machine Co., Detroit. 


° 


Included among recent appointments made by Car- 
boloy Department of General Electric Co., Detroit, is 
that of David J. Jay as an engineer in the product and 
process development section. Mr. Jay was previously 
associated with the aircraft nuclear propulsion proj- 
ect of the company’s Aircraft Gas Turbine Div. 

G. D. Barcus and C. H. Good recently joined the 
design and application engineering section of the Car- 
boloy department. Mr. Barcus was formerly associ- 
ated with the company’s engineering services divi- 
sion in Schenectady, N. Y., and Mr. Goed recently 
completed three months in the department’s train- 


ing program. 
° 


Walter B. Claus, who has served as chief mechani- 
cal engineer of the Consolidated Engineering Corp., 
Pasadena, Calif., since 1949, has been named director 
of manufacturing of the firm’s newly reorganized 
Transducer Div. He will also act as assistant head 
of the division. Succeeding Mr. Claus as chief me- 
chanical engineer is Gerald S. Perkins, who has been 
assistant chief mechanical engineer since January. 
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2 Stainless Parts...look alike 


























The job becomes profitable 


This main shaft for a fishing reel was anything but 
sport for the manufacturer. The steel used had to 
have excellent corrosion resistance, concentricity, 
close and uniform tolerances as supplied, and good 
machinability. With ordinary Type 416 Stainless, the 
Company just couldn’t produce the shafts at a profit. 
But when the manufacturer made just one change 
... to Carpenter Stainless No. 5 (Type 416)... the 
profit picture changed completely. 








Tool breakage is eliminated 


Another problem when the ordinary Type 416 
Stainless was used, was a serious rate of tool break- 
age. And here again, just one change... to Carpenter 
No. 5... eliminated this headache. 


but with 1 of them 





All requirements are met 


With Carpenter No. 5, the manufacturer now reports 
that a// requirements are met and the shafts are 
coming off the line at a good rate. Here’s just one 
more example of the difference Carpenter builds into 
stainless steels. Specify Carpenter on your next stain- 
less order and see the profitable difference all along 
the line from initial operation to finished part. 


4K Make the one change that counts... 


Sa St 














take the problems out of production 


* 


cha nge to fi Uy E Le 7° Free-Machining Stainless 





THE CARPENTER STEEL COMPANY, 120 W. Bern St., Reading, Pa. 
Export Department: The Carpenter Steel Co., Port Washington, N.Y.—““CARSTEELCO” 


For fast delivery, call your nearest Carpenter Mill-Branch Warehouse, Office or Distributor 
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Transmission 





















FLEXIBLE COUPLINGS 


MODERN DESiGNers specify Lovejoy 
Flexible Couplings because they offer 
the best obtainable insurance against 
alignment troubles—dampen and ab- 


sorb starting torque, vibration and 
shock of intermittent loads . . . protect 
motor and driven machine . . . lengthen 


bearing life. Lovejoy Flexible Couplings 
are rugged in construction, provide ex- 
cellent resiliency. Bodies are carefully 
machined. Cushions are available in 
materials suited to the particular load 
conditions . . . can be changed without 


shutdown. No lubrication is needed. 


WRITE TODAY FOR FREE 
ILLUSTRATED CATALOG WITH 
HANDY SELECTOR CHARTS. —> 


Also Mfrs. of Lovejoy Universal Joints 
and Lovejoy Variable Speed Pulleys 


LOVEJOY FLEXIBLE COUPLING CO. 


Chicago 44, Illinois 










5018 W. Lake Street * 
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THE ENGINEER'S 


Library 


Recent Books 


Refractory Hard Metals. By Dr. Paul Schwarzkopf and 
Dr. Richard Kieffer; 459 pages, 6 by 9 inches, clothbound; 
published by the MacMillan Co., New York; available 
from MACHINE DESIGN; $10.00 postpaid. 


Devoted primarily to metallurgical considerations, 
this book deals with the preparation and properties 
of refractory and hard carbides, nitrides, borides, and 
silicides of transition metals. It also includes chapters 
embracing the application of these substances as con- 
stituents of high-temperature materials. 


° 


Timing Engineering. By Myrten G. Saake, application 
engineer; 6 by 9 inches, 255 pages, clothbound; published 
by the Ribble Engineering Co., Jersey City 2, N. J., avail- 
able from MACHINE DESIGN; $5.00 postpaid. 


Basic design, construction and application of timers 
in relation to automatic control of machinery and 
production processes make up the contents of this 
volume. Timers are covered in their simplest to the 
most complex forms, and many of their applications 
are liberally illustrated with circuit diagrams and 
photographs. Several techniques are shown for com- 
bining timers with counters to achieve automatic 
control. 

o 


Chemical Process Machinery. By E. Raymond Riegel, 
Professor emeritus of Chemistry, University of Buffalo; 
6 by 9 inches, 743 pages, clothbound; published by Rein- 
hold Publishing Corp., New York; available from Ma- 
CHINE DESIGN; $12.50 postpaid. 


This enlarged version of Riehel’s Chemical Ma- 
chinery brings the material of the previous volume 
up-to-date with latest developments of equipment em- 
ployed by chemical and process industries. There 
is new material in this second edition on crushers, 
magnetic separators, centrifuges, turbodriers, and 
other process equipment. 


. 


Pumps. By Frank A. Kristal, mechanical engineer, and 
F. A. Annett, contributing editor, “Power”; 391 pages, 
6 by 9 inches, clothbound; published by McGraw-Hill Book 
Co. Inc., New York; available from MACHINE DESIGN, 
$6.50 postpaid. 


A comprehensive discussion of different types of 
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Will the fastenings you use last the life of all 
equipment you manufacture? 

Are they selected to defy the ravages of severe 
weather—salt spray—corrosive acids—destruc- 
tive electrolysis? 


Many manufacturers have found the small 
additional cost of Harper Fastenings is more 
than offset by the better service they render—by 
the prevention of equipment failure—by the 
improved satisfaction of customers. 

Harper specializes in Everlasting Fastenings 
of all corrosion-resistant metals. More than 
7,000 different items are carried in stock. Harper 
metallurgists and engineers stand ready to assist 
you in the development of special fastenings 
——to solve production problems——to assure 
product improvement. 

Standardize on Harper—secure these advan- 
tages: one order to write, one account to keep, 
one bill to pay. Call the Harper Branch Office or 
Distributor in your area. 

THE H. M. HARPER COMPANY 
8202 Lehigh Avenue, Morton Grove, Illinois 


- 


SPECIALISTS IN ALL 
CORROSION-RESISTANT FASTENINGS 


| HARPER 
EVERLASTING FASTENINGS 


BRASS - NAVAL BRONZE - SILICON BRONZE - MONEL - ALUMINUM « ALL STAINLESS STEELS 


ADA AMY 
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UNTTED 


CLUTCH HEAD 
SCREWS 


Driving parallel to the axis of the 
thread against a straight walled re- 
cess, is Clutch Head® screws’ claim 
to superiority over tapered recessed 
head screws. 

—less end pressure 

—less ride-out 


Kid —reduced screw driver cost 

ies —plus the use of a common 

es screw driver 

ae are the reasons more and more Com- 


panies are using Clutch Head screws. 
Write for engineering booklet. 


® Reg. U. S. Pat. Off. 


UNITED SCREW and BOLT CORP. 
CHICAGO 8, ILL + CLEVELAND 2, OHIO ~ 
_NEW YORK 7,.N. Y. | 










ee 


The Engineer's Library 





pumps available, their selection, installation, operat- 
ing characteristics, and maintenance is given in this 
second edition. Basic pumps covered include recipro- 
cating; volute and diffuser centrifugal; turbine; pro- 
peller; rotary; deep-well; boiler-feed; sewage, sludge, 
and sanitary; variable displacement and proportion- 
ing types. Sixteen tables of data are included in the 
appendix to aid in the selection and application of 
pumps. 


Cambridge Elementary Statistical Tables. By D. V. 
Lindley and J. C. P. Miller, Cambridge University; 36 
pages, 8% by 11 inches, paperbound; published by Cam- 
bridge University Press; Available from Cambridge Uni- 
versity Press, American Branch, 32 E. 57th St., New York 
22, N. Y., $1.00 per copy. 


Common statistical functions, tests of significance, 
and functions of integers make up the contents of this 
booklet. Tables include normal, t, X?, and F distribu- 
tions. For the latter three, percentage points are pro- 
vided for significance levels of 5, 1, and 0.1 per cent 
in both one-sided and two-sided tests. 


Elements of Heat Treatment. By George M. Enos, late 
professor of metallurgical engineering, and William E. 
Fontaine, associate professor of mechanical engineering, 
Purdue University; 294 pages, 6 by 9 inches, clothbound; 
published by John Wiley and Sons Inc., New York; avail- 
able from MACHINE DESIGN, $5.00 postpaid. 


Basic principles governing the application of heat 
to alter the mechanical properties of metals are well 
illustrated and described in this book. Following 
sections on mechanical properties and working of 
metal there is a discussion of the major heat treat- 
ment processes—annealing, hardening, tempering, 
and normalizing. Casting, forging, rolling, welding, 
machining and other processes related directly or in- 
directly to heat treatment are briefly covered. 


Industrial Specifications. By E. N. MacNiece, director 
of quality control, Johnson & Johnson Co., 172 pages, 6 
by 9 inches, clothbound; published by John Wiley & Sons 
Inc., New York; available from MACHINE DESIGN; $4.50 
postpaid. 


Methods of planning, writing, and issuing specifi- 
cations for the various phases of an industrial opera- 
tion are given in this book. The materials include a 
discussion of variability and tolerances, standards 
and standardization, and procedures and requirements 
for raw material, process, and product specifications. 


Metallurgical Dictionary. By J. G. Henderson, consult- 
ing engineer, and J. M. Bates, metallurgical engineer; 
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Machines equipped with WICHITA 
AIR-TUBE CLUTCHES will definitely show 
increased production because of 





e@ FASTER ENGAGEMENT and 
DISENGAGEMENT 

e@ MINIMUM SLIPPAGE 

Capacity not affected by 

centrifugal force 

NO BACKLASH 

Complete safety 

LESS DOWNTIME 

Simple, Efficient Design 

Longer Life . 








ventilated . 


Wichita Clutches have been job proven on many wrera seesmetale 
types of machines and not one has been removed! Brehm-Lohner, Inc, Detroit, Michigan 


So to Increase Production see your 


INCREASE PRODUCTION 


Manwfactured in Standard and. 
Low Inertia Types—all positively 


nearest W. G. Kerr Company, Pittsburgh, Pa. 









WITH WICHITA | 
Air-Tube CLUTCHES 


ea 
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V & O High Speed 
Lamination Press 
equipped with 
Wichita Low inertia 
Air-Tube Clutch. 


















L. H. Fremont, Cincinnati, Ohio 








Wichita Engineer. He has detailed information on eres Office) West Hartford, Conn. 
TS 


all Wichita Clutches. 





Smith-Keser & Co., Philadelphia 44, Pa. 
"Sm 'th-Keser & Co. New York, N. Y. 
Frank W. Yarline Co., Chicago, Ill. 
Power Rig & Equipment Co., Inc., Long Beach, Calif. 
Robert R. King Co., Cleveland, Ohio 
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PRESSURE SWITCHES 


_—-—-—- - ++, + “| 


: 
, 


en \ 


ee ene, y 
| type sensing elements for 


vacuum and low pressure (to 120 psi), 


11000 wa. type for high pressure (to 

12,000 psi), and pisten type for high 

nabs nd nition. yp 9 
cycling — 


Pa 


Wherever a Vacuum or Pressure 


change must initiate electrical 


action there is a Meletron or 
Barksdale Pressure Switch 


PLO 


to perform that function. 


—_——- i ~ o 
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{/ 
___~-4) They operate in any position and 
> have extreme repetitive accuracy. 


— a 


Explosion-proof models 
available. 


Write for Catalog 3G 


— 


a 


BARKSDALE 


VIBRATION 


* a iil es alae a ee) 


VALVES 


NOT AFFECTED 
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5125 Alcoa Avenue, Los Angeles 58, Calif. 
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408 pages, 6 by 9 inches, clothbound; published by Rein- 
hold Publishing Corp., New York; available from MA- 
CHINE DESIGN, $8.50 postpaid. 


Written primarily for men working in the metal- 
lurgical and associated fields, this reference volume 
contains over 5000 definitions and descriptions cover- 
ing most of the essential terms in both production 
and physical metallurgy. Related terms are cross ref- 
erenced to direct the user to preferred terms. 


New Standards 


Letter Symbols for Radio. ASA Y10.9-1953; 10 pages, 
8% by 11 inches, paperbound; available from American 
Society of Mechanical Engineers, 29 W. 39th St., New 
York 18, N. Y., $1.00 per copy. 


General principles of letter symbol standardiza- 
tion for radio introduce this standard. Six pages of 
the material are devoted to two alphabetical lists— 
one in order of quantity and the other in order of 
symbol. 


Manufacturers’ Publications 


Cutting Production Costs with Electronic Controls. 76 
pages, 5% by 7% inches, paperbound; available from Pho- 
toswitch Inc., 77 Broadway, Cambridge 42, Mass., on com- 
pany letterhead request. 


This booklet presents 46 case histories of indus- 
trial control problems. It shows how these were solved 
through the use of photoelectric devices and electronic 
controls of all types. 


The Science of Precision Measurement. 258 pages, 6 by 
9 inches, clothbound; published by and available from 
the DoAll Co., 254 N. Laurel Ave., Des Plaines, IIl., $3.50 


per copy. 


This reference book covers the fundamentals of pre- 
cision measurements and discusses available measur- 
ing devices. Clearances and tolerances, gage blocks, 
angle measurement, electrical and mechanical compar- 
ators, and thread and gear measurement are among 
the subjects included. 


Government Publications 


NACA Technical Series. Each publication is 8 by 10% 
inches, paperbound, side-stapled; copies available from 
National Advisory Committee for Aeronautics, 1924 F St. 
N. W., Washington 25, D. C. 


The following Technical Notes are available: 


Influence of Rotor-Engine Torsional Oscillation on Control of 
Gas-Turbine Engine Geared to Helicopter Rotor—40 pages. 
High-Frequency Pressure Indicators for Aerodynamic Problems 
—52 pages. 


3027. 


3042. 
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when 


higher 


temperatures 
give rise 

to metal 
problems... 


MACHINE DESIGN—December 1953 


Then let’s get together. 


Inco’s High-Temperature Engineering Service 
will work with you to work out 1 solution 


Take this first step. Get a High-“emperature 
Work Sheet. 


How? Fill out and mail this coupon. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. mD-12-53 


Please send me the 
High-Temperature Work Sheet. 


Name. 
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HERE 


ON CHOOSING MOTORS 


—on’t try to make a standard 
motor stretch when the job calls 


for a Wesche Special Motor. 


Most powering jobs can be solved satis- 
factorily with some kind of standard motor. 
Wesche is in business to solve the tougher 
problems that call for a specific combination 
of features. You tell us what the job requires 
and we design and build the motor that will 
do it—and go on doing it year after trouble- 


free year. 


Our catalog includes a simple data sheet that 
can be filled in easily and quickly to give us 


all the facts we need to quote. 


Send for 
your 

FREE COPY 
Today. 


O (we 


THE B. A. WESCHE ELECTRIC CO. (Welco) 


1620 VINE STREET © CINCINNATI 10, OHIO 


LESSON 








NOTEWORTHY 


Resrricrep TORQUE TRANSMISSION for small 
mechanisms, regardless of direction of rotation or 
speed, is achieved magnetically by a coupling detailed 
in patent 2,636,139. Designed by James L. Winget 
and assigned to Farrand Optical Co., the device may 
be employed as a rotational damper and transmits a 
torque proportional to and controlled by the differ- 
ence in velocities between the driving and driven 
members. Operation of the unit is based on the in- 
teraction of magnetic and electrical forces produced 
by an assembly consisting of a cylindrical nonmag- 
netic conductor sleeve connected to the driving shaft 
and mounted to fit between a freely rotating inner 





Nonmagnetic 
conductor 














ee | 
Freely-rotating 


Magnetic magnet 
core 











magnet and an outer magnetic core fastened to the 
driven shaft. Rotation of the conductor sleeve gen- 
erates eddy currents, imposing a torque on the mag- 
net proportional to the difference in velocities which 
is transmitted to the outer core by magnetic attrac- 
tion. Hysteresis forces limit the power transmitted, 
permitting the magnet to rotate relative to the core 
when a certain torque value is exceeded. Maximum 
torque as well as minimum velocity difference are a 
function of the size, shape, materials, and spatial re- 
lationships of the three members. Two modifications, 
one for an axial, rather than radial, arrangement of 
rotating members and the other for a linear motion 
device, are also shown. 


C omsination PULLEY-CLUTCH DESIGN has 
automatic wear takeup which simplifies adjustment 
and maintenance of a unit described in patent 2,639,- 
015. Assigned to Twin Dise Clutch Co., the design 
consists of a free-running sheave and a friction clutch 
mounted to the driven shaft as a single unit. Clutch- 
ing action is provided by balls mounted in tapered 
pockets, which are actuated by a movable collar to 
drive a keyed friction disc into engagement with one 
side of the sheave. In operation, the clutch surfaces 
are spring-loaded during engagement, automatically 
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Like the gentleman-on-a-picnic, above, you're scheduled 
for some pretty fast action yourself. Because, for all 
business, the day’s coming when materials become more 
plentiful, as restrictions disappear. That’s also the 
day when orders will be harder to find, with competition 
as tough as any charging bull could possibly be. @ Give 
yourself a competitive edge with stainless steel. Nothing 


You can make it BETTER with 


Allegheny Metal 


Warehouse stocks carried by all Ryerson plants 


“wap 49168 





One hing? SUI - YOU CANT JUST STAND THERE! 





else is as hard, strong and lastingly attractive—as im- 
pervious to corrosion, heat and wear. Used in equip- 
ment, Allegheny Metal can save on your costs . . . used 
in a product, it can add vital sales qualities. Now's 
the time to plan with it and for it, and all our facilities 
are at your command. Allegheny Ludlum Steel Corpor- 
ation, Oliver Building, Pittsburgh 22, P 














NO ORDER TOO LARGE 





NO UNIT TOO SMALL 





FOR 


Cessna 7 


Cessna is gear2d to produce single components, 





self-contained hydraulic units, or complete 
hydraulic systems...regardless of the size of your 
order...regardless of how small the unit...Cessna 
can deliver faster, better, and at less cost to you. 
Cessna’s experienced hydraulic engineers will even 
help with your design problems. Let Cessna’s engi- 
neering know-how, modern plant facilities, and 
experienced workmen deliver your hydraulic units 


in quantity. Call on Cessna today. 


Our sales engineers are always ready to work 
with you in the development of hydraulic units for 
your equipment. For more information, write, wire, 


or phone Cessna in Hutchinson today. 


usta 





bosis 


~ HYDRAULIC 
CESSNA AIRCRAFT COMPA 
HUTCHINSON, KANSAS @ JU. 
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Noteworthy Patents 





compensating for wear and providing a uniform fric- 
tion force. Smooth release and pickup of load are 
obtained by the design which also locks automati- 
cally in the engaged or disengaged position. A modi- 
fication employing rollers instead of balls is also 
shown. Inventor Lloyd J. Wolf is the assignor of 
the patent. 


F RICTIONLESS SEALING at high speeds is ob- 
tained with a novel shaft seal which operates effec- 
tively at low speeds or at a standstill. Described 
in patent 2,637,574, the seal has been designed for 
use with a shaft and housing and consists of two 
separate press-fitted units; a Z-shaped metal ring 
mounted in the housing and a metal-reinforced rub- 
ber sealing element, encircled by a tension spring, on 
the shaft. At low shaft speeds or at a standstill, 
sealing action is provided by positive engagement of 
the sealing element with the metal ring, and is main- 





























High speed 





Low speed 











tained by the tension spring. Above a certain criti- 
cal speed, however, centrifugal force overcomes the 
spring force, disengaging the mating surfaces and in- 
troducing a frictionless slinger sealing action. Pock- 
ets in the sealing element act as fluid slingers to cre- 
ate a turbulent condition and block flow past the 
seal. Installation is facilitated by the two-piece de- 
sign which keeps frictional contact to a minimum and 
reduces wear and temperature build up. Inventor 
Karl L. Diehl has assigned the patent to Victor Mfg. 
& Gasket Co. 


Cusnionep LINEAR MOTION for positioning or 
control is obtained by means of a new telescoping 
tube actuator which affords increased rigidity. De- 
tailed in patent 2,639,625, the actuator designed by 
Howard M. Geyer and Donald K. Ferris employs a 
ball-bearing screw and nut drive, driven by a rever- 
sible electric motor, to extend and retract a tubular 
member mounted to the nut and sealed at one end by 
a check valve. Power connections are made to the 
free end of the tube by means of a clevis or mounting 
block. Sealing and rigidity of the unit are provided 
by a stationary tubular chamber, enclosing the screw 
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HY-LOAD 


High-capacity, cylindrical roller. 
bearings for heaviest radial loads 
and light or intermittent thrust 
loads. Produced in 3 diameter 
series, 2 widths and more than 
800 sizes. 














WOUND 
ROLLER 


This is a three-part 
separable bearing 
available in various 
width classifications. 
The roller construc- 
tion provides 
maximum resistance 
to shock, abrasion 
and fatigue. 




























INDUSTRIAL INCH 


Designed for slow-moving, 
heavily loaded machinery where 
large-diameter shafts are the rule. 
Accordingly, it is available in 
fractional-size bores for shafts 
from 4” in diameter upwards. 































BARREL 


A series of angular-contact, 
self-aligning bearings 
capable of sustaining both 
radial and thrust loads. 
Race and roller curvatures 
insure ideal distribution of 
load, not only for normal 
operation but also for 
conditions of misalignment. 















TRUNNIONED 
ROLLER 


Ideal for industrial trucks, 
textile machinery, gear pumps, 
conveyors, hoists and agricultural 
equipment. Rollers have 
trunnioned ends which fit into 






















DESIGNED holes in the end rings. End 
FOR rings are located and held 

1°) parallel by spacing bars which 
HEAVY also guide and retain rollers. 
DUTY... 





WATT RoLmtER BEARINGS 


-e--and there’s a type and size for every need 


Hyatt’s complete line of radial and angular- The next time you buy new equipment, or make 





HYATT BEARINGS 


contact bearings—more than 800 sizes in the 
Hy-Load series alone—makes the engineers’ job 
easier, because it maker possible greater design 
flexibility. For the equipment buyer, this means 
longer bearing life and lower maintenance costs 
—with just the right bearings designed into 
every vital load-carrying position. 
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a changeover, specify lower maintenance costs 
by specifying Hyatt Bearings! And if you need 
technical help in your selection of bearings, or 
desire information about particular bearings or 
their applications, ask for the services of a Hyatt 
sales-engineer. Call or write Hyatt Bearings 
Division, General Motors Corp., Harrison, N. J. 


DIVISION e GENERAL MOTORS CORPORATION 
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Jergens Live 


Pilot Bearing Bushings 


Heavy duty boring mill operation utilizing Jergens 
absolute seal Pilot Bearing Bushing to increase preci- 
sion, depth of cut and tool life. 


Only Jergens Absolutely 
Seals Out Coolants and Grit 


As a result of ingenious design and precision manufacture, 
Jergens Pilot Bearing Bushings provide for the first time in bear- 
ing applications an absolute seal against coolants and fine 
powdered abrasive grit and dust entering the bearing cavity. 
Jergens Bushings make possible increased precision in piloting 
applications with greater depth of cut and eliminate costly tool 
failures and expensive down time. 


The world’s largest production plants are today making 
Jergens Pilot Bearing Bushings an absolute must wherever tool 
holders require support to increase accuracy and stock removal 
or to decrease tool breakage. 


Roller and Needle Bearing Pilot Bushings 
Performance Features 


* Provides absolute seal against coolants, grit and dust 

® Greater overall length increases accuracy and bushing life 
* Needle Bearings fill applications requiring closer center distances 
® Bearings can be dissembled without removing housing 

* Cartridge-type bearing holder provides greater accuracy 
* Protects against thrust loads as well as radial 

* Tapered bearings can be adjusted to compensate for wear 
* Adaptable to receive removable slip bushings, keys or keywoys 


J. G. JERGENS CO. 


11106 Avon Ave. © Cleveland 5, Ohio 


| 


J. G. Jergens Co., 11106 Avon Ave., 
Cleveland 5, Ohio 
Please send Pilot Bearing Bushing Cato- 
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Noteworthy Patents 








drive, in which the actuator tube slides. In opera- 
tion, entrapped air is utilized to cushion and retard 
the motion of the actuator tube at its travel limits. 
Excessive pressure buildup on the retracting stroke is 
relieved through the check valve. Assignee of the 
patent is General Motors Corp. 


Luntep VIBRATION AMPLITUDE at or near 
resonant frequency minimizes transmitted energy in 
the antivibration mount covered in patent 2,639,115. 
Designed to provide a soft support for instruments 
and similar fragile equipment, the mount assigned to 
General Tire and Rubber Co. employs two doughnut- 
shaped resilient rubber elements, complementing each 
other in action, to isolate both high and low-frequency 
vibrations. Under normal conditions and low ampli- 
tudes, damping action is provided by one of the ele- 
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ments operating independently. As resonant con- 
ditions are approached, however, the resulting in- 
crease in amplitude actuates the second resilient ele- 
ment, changing the natural frequency of the mount. 
This action increases the effective stiffness to vibra- 
tion and prevents further amplification while at the 
same time acting to reduce the existing amplitude. A 
modified version of the device is also shown in the 
patent which has been assigned by inventor Robert 
Iredell, Jr. 


Avromatic PRESSURE RELIEF to _ reduce 
pumping loads in hydraulic circuits employing ac- 
cumulators is provided by an unloading valve assigned 
to Bendix Aviation Corp. Designed by Walter D. 
Teague Jr. and detailed in patent 2,639,722, the valve 
is used between the pump and accumulator and can be 
preset to unload the pump when a prescribed pres- 
sure is built up. Under normal operating conditions, 
fluid flows through the valve from the pump to the 
accumulator. When the pressure build-up reaches a 
specified value, a small pilot piston actuates a plunger 
to divert flow through a drain port, relieving the pres- 
sure load on the pump and reducing power require- 
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YOUR ANSWI 


PENFLEX “FLEXINEERING” 


THE CORRECT TUBING ... PLUS TECHNICAL AID ON EVERY JOB 


is the know-how of the Penflex Engineer plus the can-do of 
Penflex Flexible Metallic Tubing serving you from design board 
right up to job installation and maintenance. It is the scientific 
application of the right type of steel, bronze, or aluminum 
flexible tubing to your air, oil, water, gas, steam, volatiles, or 
light solids conduction requirements. It is the specific recom- 
mendation of the right size and weight flexible tubing—four-wall 
interlocked or seamless welded corrugated 
type—in sizes from 14” to 24” I.D. And it 
is the nation-wide supply of Penflex in any 
quantity where you wantit, when you wantit. 
Pennsylvania Flexible Metallic Tubing Co., Inc. aa 


Powers Lane, Phila. 42, Pa. Branch Sales Offices: Csy rej 
New York ¢ Chicago * Houston ¢ Cleveland « Los Angeles ie. 


Get This New Data Book > 


\ on the complete Penfiex line of Flexible Tubing, Hose, Couplings 


FLE 


HEART OF INDUSTRY’S LIFE 
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TO YOUR SPEC 
on OFF THE SHELF”’ 


Illustrated above is a cut-away view of Ohio Gear's D drive, 
showing engineering and sturdiness of the reduction unit. 
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GEARS + REDUCERS 


® Ohio Gear’s growing 
reputation has been 
built with the concern 
and future of your 
product in mind. Ohio 
Gear is constantly 
adapting new methods 

. adding new and 
modern equipment for 
gear and reducer 
manufacturing . . . all 
this, to improve and 
insure your product 
for longer life and 


trouble-free efficiency. 


Ohio Gear engineers 
are qualified to make 
expert recommenda- 
tions ...write us or see 
our nearest distributor. 


ESTABLISHED 19:5 


THE OHIO GEAR COMPANY 
1338 EAST 179th STREET » CLEVELAND 10, OHIO 


‘OHIO > 
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S PEED-RESPONSIVE CONTROL of electrical 





| 2,639,135, opens and closes a limit switch automati- 
| cally in response to linear or rotational speed varia- 











_ of response is adjustable through a stud on the top 
of the plate. A modification providing a reversed 





Noteworthy Patents 












ments. Reduction of pressure in the accumulator be- 
low a certain limit automatically resets the plunger. 
Fluid backup is prevented by a check valve in the 
outlet side of the valve. In addition, valve construc- 
tion assures adequate operating forces to overcome 
frictional resistance. 









"Torstonar VIBRATION DAMPING of shafts op- 
erating at high rotational speeds is accomplished with 
a novel viscous damper designed by Martin M. Holben 
and Charles S. Jewett. Covered in patent 2,631,901, 
the device consists of a stationary resilient circular 
sleeve, built-up in layers of ribbed segments, which is 
attached to the outer race of an antifriction bearing 
on the shaft. Oil in the pockets formed between the 





















ribs acts as the damping medium. Lateral vibrations 
of the shaft deflect the sleeve members, forcing the oil 
along a tortuous path through the ribs to provide a 
damping action. Continual circulation of the oil to 
remove heat generated during operation is provided 
by an external pump. The patent has been assigned 
to Curtiss-Wright Corp. 










switching is provided by a modified flyball governor 
mechanism designed by Harry E. Sloan. Assigned 
to Cushman Chuck Co., the device covered in patent 









tions. Switch position is controlled by ball cams, 
mounted to roll back and forth in inclined radial 
tracks in a revolving rotor, which move‘a spring- 
loaded plate up and down to actuate a bellcrank 
switch arm. With the rotor stationary, the balls are 
pulled toward the center of rotation by gravity, rais- 
ing the plate and opening the switch. With the rotor 
in motion, centrifugal force drives the balls outward, 
lowering the plate and closing the switch. Open and 
closed positions of the switch may be interchanged 
to meet design requirements. In addition, sensitivity 














plate action is also shown. 
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July, 145 
Saelman, B.—“Designing Cylinders and Struts,” Aug., 133 
Sankey, G. O.—‘“Plastic Models for Vibration Analysis,” 
May, 125 
Saxon, A. F.—‘‘Multistage Sealing,” Mar., 170 
Schack, William—‘“Plastics Extrusions,” Mar., 145 
Shainin, Dorian 
“Quality Control Methods—Their Use in Design 
Determining Practical Tolerances,” Jan., 150 
Ascertaining Machine Capability,” Feb., 160 
Trouble-Shooting Design Defects,” Mar., 165 
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Operations Research,”’ May, 176 
Shapiro, Harris and C. S. Allen—“Remote Rotational Po- 
sitioning,”’ Apr., 243 
Sherwood, R. S.—‘How to Prevent Oil Film Whirl in 
Journal Bearings,” Dec., 163 
Silverberg, Thomas R. and Eugene W. Pike—‘“Assigning 
Tolerances for Maximum Economy,” Sept., 139 
Sloane, W. W. 
“Controlling Inertia,” July, 154 
“First Conference on Mechanisms: Utilizing Irregular 
Gears for Inertia Control,” Dec., 193 
Smedley, Carl R.—‘“Specification of Color in Finishes,” 
Oct., 187 
Soong, William E.—‘Determining Moments of Inertia 
of Nonsymmetrical Components,” May, 181 
Sonneman, George—‘“Analyzing Beam Vibration,” June, 
123 
Spector, Leo F.—“Applying Electric Heat,” Dec., 142 
Stamp, Robert J.—‘‘Telescoping Tubes,” Feb., 155 
Stark, H. J.—Plastic Ducting,” July, 172 
Stedfeld, Robert L. 
“A Designer’s Guide to Vitreous Coatings Service Prop- 
erties,” Jan., 141 
Metal Selection, Processing and Design,” Feb., 166 
“Design Properties of Materials, 
Properties and Design,” Oct., 138 
Strength in Torsion,” Nov., 161 
Stoddart, David A. 
“Polydyne Cam Design 
Part 1,” Jan., 121 
Part 2,” Feb., 146 
Part 3,” Mar., 149 
Strasser, Federico—‘“Joining Stampings,” Jan., 163 
Strub, R. A.—“Spindle Drag Pump,” July, 149 
Sundberg, Carl W. and Montgomery Ferar—‘“Styling with 
Plastics,” June, 155 
Theilig, E. W.—‘‘Synchronized Load Control,” Dec., 221 
Toulmin, H. A., Jr.—‘What You Should Know About the 
New Patent Law,” Oct., 215 
Tripoli, Philip—‘‘Predicting Casting Costs,” June, 139 
Tuplin, W. A.—“Dynamic Loads on Gear Teeth,” Oct., 203 
Uniechowski, S. R.—“Static Balancing,” Oct., 229 


Vv, W 

Vanden Berg, R. V.—‘Finishes for Aluminum,” Oct., 177 

Vandeman, J. E. and J. R. Wood—“Modifying Starwheel 
Mechanisms,”  pr., 255 

Varnum, Edwaru C.—“Projecting Data,” Mar., 123 

Ward, M. V. and N. J. Wells—“Critical Design Factors 
for High-Strength Steels,” Oct., 149 

Wells, N. J. and M. V. Ward—“Critical Design Factors 
for High-Strength Steels,” Oct., 149 

Wilcock, D. F. and M. Rosenblatt—“Nomographic Meth- 
od for Sleeve Bearing Design,” Aug., 143 

Wilson, George A., Jr.—‘Deep-Hole Drilling,” Aug., 178 

Wilson, Warren E., “Clearance Design,” Feb., 127 

Wood, J. R. and J. E. Vandeman—‘“Modifying Starwheel 
Mechanisms,” Apr., 255 





Subject Index 


be 


Abrasive belts, in turbine blade grinder, June 136 
Acceleration, determination of, in mechanisms, Dec. 180 
Acceleration testing, Sept. 206 
Accumulators, hydraulic, design of, Dec. 248 

principles and uses, Nov. 140 
Actuator, linear, uses ball screw, Dec. 426 
Adhesives, Jan. 184; Feb. 188; July 224 

bonding metals with, Oct. 193 
Alloys, high-temperature, selection of, Dec. 382 
Aluminum and alloys, Apr. 348; May 253; June 192; 
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July 196; Oct. 234; Dec. 266 
for automobile radiators, July 184 
Amplifiers, Oct. 284, 404; Nov. 217, 232 
magnetic, Mar. 186; Dec. 298 
magnetic, for machine control, Apr. 171 
Analogies, electric, for hydraulic systems, Jan. 166; Feb. 
131 
Analyzing metal wear, Nov. 266 
Arbor, locked by expansion, Sept. 122 
Automation, July 261; Dec. 254 
Axles, trailer, provide straight tracking, Dec. 162 


Backlash eliminator, Apr. 316 
Balancer, electronic, Nov. 310 
Balancing, production, design for, June 330 
static, Oct. 229 
Bar machine, single-spindle automatic, Aug. 162 
Batteries, June 206; Nov. 236 
power-hauling unit, Sept. 192 
Beam deflection, determining graphically, Sept. 177 
Beam vibration, analysis of, June 123 
Beams, thin cantilever, design of, July 173 
Bearing alloy, Dec. 302 
Bearings, airframe control, May 168 
air lubricated, Apr. 272 
antifriction, cause radio interference, July 106 
ball, Mar. 185; June 208, 210; Nov. 213; Dec. 275, 282, 
296 
hydrostatic thrust, July 122, 134; Sept. 170 
miniature, May 194; Dec. 318 
needle, July 208 
pivoted shoe for hydraulic pumps, Oct. 197 
rod-end, Nov. 214 
roller, May 246; Aug. 218; Sept. 218; Dec. 286 
roller, have increased capacity, Nov. 196 
roller, preloaded with set-screws, July 123 
roller, selection and application, Apr. 248 
sleeve, Jan. 115; Mar. 188; Sept. 346; Nov. 335 
sleeve, failure analysis, June 318 
sleeve, nomographic design of, Aug. 143 
sleeve, preventing oil film whirl in, Dec. 163 
sleeve, temperatures in, Sept. 150 
toggle-end, require no lubrication, June 131 
Bellows, Jan. 136 
Belts, abrasive, in turbine blade grinder, June 136 
conveyor, Apr. 366 
conveyor, serves 64 years, Sept. 108 
guider, self-adjusting, Nov. 142 
transmission, Feb. 202, 240; April 228; Sept. 228 
Bending, pipe and tube, June 133 
Bimetals, performance, fundamentals, Aug. 274 
Blowers, Jan. 177; Sept. 220 
Books, Jan. 214; Feb. 216; Mar. 211; Apr. 306; May 224; 
June 230; July 304; Aug. 334; Sept. 336; Oct. 442; 
Nov. 326; Dec. 418 
Boring, Oct. 416 
Brakes, Jan. 180; May 119; June 194; Sept. 176, 220 
for high inertia loads, June 240 
hysteresis, for tensioning, May 117 
solenoid-actuated, Oct. 201 
Brass (see copper and alloys) 
Brazing, Mar. 111; Oct. 286 
high temperature, Dec. 365 
Bronze (see copper and alloys) 
Burring machine, Nov. 304 


Cc 


Calculator, electronic, May 236, 238 
Cam and linkage produce motion in two planes, July 123 
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Cam curvature, Nov. 148 
Cam, disk, curvature design, Aug. 170 
Cam followers, Apr. 279 
design of, Sept. 162 
Cams, Oct. 450 
design of, Nov. 148 
design of, by polydyne method, Jan. 121; Feb. 146; 
Mar. 149 
designing, with computers, Dec. 209 
Capacitors, Feb. 195 
Carbide, cemented, Apr. 363 
Carbon disk seals valve, Dec. 162 
Casters, Dec. 294 
Casting machine, May 138 
Casting, continuous steel, Dec. 256 
Castings, design for economy, June 164 
die, simplify drill design, July 133 
ductile-iron, Sept. 146 
light alloy, used in chain saw, June 134 
permanent mold, Jan. 284; Mar. 111 
predicting costs of, June 139 
sand, Jan. 284 
sand, evaluating design of, Mar. 104 
sand, molds made automatically, Nov. 202 
sealed by synthetic resin, Sept. 204 
shell molded, Oct. 134 
Centrifuge for acceleration testing, Aug. 182 
Chain, conveyor, Jan. 186 
transmission, June 202; July 195, 196 
Circuit breakers, Apr. 353; Nov. 218, 228, Dec. 284 
air, low voltage, May 139 
hydraulic, June 116 
Circuits, packaged, May 118 
Clad metals, Apr. 276 
Clamps, Mar. 188; Sept. 121; Oct. 263 
cable, Feb. 189 
Cleaning, May 248; Dec. 136 
ultrasonic, Sept. 108 
Cleaning machine, Dec. 231, 408 
Clothes dryer, incorporates music-box, June 138 
Clutches, Feb. 193; 220; May 119; June 198, 204; July 195, 
206; Aug. 207, 226, 346; Sept. 176, 348; Oct. 472 
all-steel, used in teletypewriter, Nov. 176 
constant-torque, Dec. 161 
electrodynamic, Apr. 161 
for helicopter drive, Aug. 126 
hydraulically actuated, Aug. 183 
magnetic fluid, Apr. 314 
magnetic overrunning, Jur» 242 
oil-actuated multiple disk, June 282 
overrunning, July 312 
slip, Apr. 161, 319 
spring, May 234 
Clutch-pulley combination automatically takes up wear, 
Dec. 424 
Coatings (see also finishes) 
Coatings, protective, Mar. 180, 188; Oct. 244, 284; Nov. 
226; Dec. 276, 322 
protective, vitreous, Jan. 141; Feb. 166 
Cobalt alloy, Dec. 284 
Collector rings, Aug. 208 
Columbium, Dec. 250 
Communication equipment, Oct. 404, 405 
Commutators, Sept. 216 
Component design, standardization of, Dec. 378 
Components, hydraulic, design for reliability, Sept. 266 
Compression springs, design of, Sept. 134 
Compressors, July 183 
Computer components, Oct. 240, 288, 404; Dec. 284 
Computer drives, design of, Jan. 156 





















Computer elements, magnetic decision, Sept. 110 
Computers, Oct. 240, 244; Nov. 196, 243; Dec. 138 
aid in designing cams, Dec. 209 
applying to machine control, Oct. 324 
electronic, Sept. 108, 186, 200, 202 
Connectors, electric, Jan. 180; Feb. 195, 196; Mar. 181; 
Apr. 279; May, 188; June 192; July 210; Aug. 220; 
Oct. 266, 276; Nov. 213, 214; Dec. 278, 300, 312 
Contactors, Apr. 284; Oct. 290; Dec. 280 
control wound rotor motors, Apr. 422 
Contacts, Oct. 264; Nov. 232 
Control assemblies, electric, Feb. 200; Mar. 181, 182 
Control, automatic spacing, Apr. 262 
differential pressure, pneumatic, Aug. 212 
Control systems, electric, July 206; Aug. 216 
electric, automatic relay, Apr. 154 
electric, coal loading, Apr. 182 
electric, display on wheels, July 188 
electric, for pumping syctem, vune 176 
electric, rotationa] positioning, Apr. 243 
electronic, Aug. 222 
electronic, operates milling machine, Dec. 253 
electronic, regulate nuclear reactor, Sept. 188 
feedback, Apr. 386 
feedback, eliminate crane swing, Aug. 164 
feedback, for aircraft brakes, Aug. 125 
feedback, nonlinear, analysis of, Aug. 139 
for flight testing, Sept. 206 
hydraulic, June 168 
hydraulic, July 159; Dec. 221 
hydraulic, design of, Apr. 185 
hydraulic, design of, May 163 
hydraulic, electrical and pilot control, June 168 
moving webs, Sept. 151 
pneumatic, May 187, 192, 198 
pneumatic, for high pressures, May 174 
pneumatic, for jet engines, July 182 
prevent vehicle skids, Sept. 108 
Controls, automatic, Nov. 182 
cable, minimize backlash, Nov. 125 
mechanical, Sept. 220 
photoelectric, Oct. 280 
pneumatic, Jan. 178 
Converter, frequency, Dec. 274 
Conveyors, Feb. 202; Mar. 192; May 262; Nov. 188 
for passenger transportation, June 255 
Convertiplane, Sept. 198 
Copper and alloys, Feb. 245; Aug. 229; Dec. 286, 324 
continuous-cast shapes, June 129 
Corrosion, measurement of, Aug. 196 
Corrosion-resistant alloys, May 151, 253 
Cost control through design, July 112 
Cost reduction, designing for, May 158 
Counters, Jan. 192, 194; Feb. 194, 197; Mar. 183, 192; 
Sept. 218; Oct. 278, 280, 293 
decade, Sept. 110 
Couplings, can be used as manual clutch, June 238 
for angular positioning, May 234 
shaft, Feb. 191; Mar. 184; May 190; Aug. 123, 212; 
Sept. 346; Nov. 335 
shaft, damp torsional vibration, July 312 
shaft, magnetic, Dec. 424 
shaft, prevent torque reversals, July 308 
Cylinders, hydraulic, Mar. 190, 192; July 198, 210; Aug. 
209 
hydraulic, eliminate bulldozer pushbeam, July 132 
hydraulic, have floating piston rods, Nov. 124 
hydraulic, used in casting machine, May 138 
maximum strength, design for, Aug. 133 
Cylinders, pneumatic, Mar. 186; June 200; July 216; Nov. 
212 
pneumatic, operates index table, May 136 
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Data, projecting, Mar. 123 
Deflection, torsional, finding, Nov. 179 
Dehumidifiers, July 135 
Design, of successful products, June 108 
Dials, Aug. 232 
Diaphragms, June 206 
Differentials, July 194 
Domestic machines, Sept. 313; Oct. 405, 408; Dec. 250, 
398 
Drafting equipment, Jan. 139; May 208; June 212, 214, 
216; July 228, 232, 235; Aug. 189, 240, 248; Sept. 235, 
245, 248; Oct. 294, 302; Nov. 248, 315; Dec. 332, 336, 
340 
Drafting, importance of, Sept. 272 
Drafting practice simplified, May 110 
Drafting room equipment, Feb. 204; Mar. 194 
Drafting room supplies, Feb. 204 
Drawing, July 267 
new method for, June 264 
pictorial, simplified, Mar. 128 
Drawings, engineering, perspective, Jan. 106 
Drill, electric hammer, Aug. 158 
Drilling, Feb. 140; Oct. 418; Nov. 310 
deep-hole, Aug. 178 
Drive, drilling hoist, Sept. 176 
dual power, July 121 
Drives, adjustable-speed, Mar. 190; Apr. 316; May 202, 
206; June 204; July 196; Aug. 124, 210, 224; Nov. 
213; Dec. 289 
adjustable speed, metal-to-metal friction type, Dec. 232 
computer, design of, Jan. 156 
constant speed, magnetic tape, Oct. 219 
helicopter, Aug. 126 
intermittent, Apr. 160 
roller-gear, June 202 
V-belt, helicopter, Apr. 180 
Drums, hoisting, design of, Apr. 265 
Dynamic loading of gears, Oct. 203 
Dynamometers, Apr. 275 


Electric analogies for hydraulic system analysis, Jan. 
166; Feb. 131 
Electric heaters, selection and application of, Dec. 142 
Electric vibrator powers pneumatic pump, Dec. 172 
Electric equipment (see specific type) 
Electric power units, packaged, Aug. 163 
Electroforming, design for, Sept. 124 
Electronic assemblies use cellular construction, Sept. 123 
Electronic circuits, modular design of, Nov. 126, 192, 194 
Electronic components, Feb. 195; June 200, 202, 208; July 
200; Aug. 189 
Electronic paging system, July 106 
Electroplating, Apr. 333 
Elevators, loads monitored automatically, Sept. 121 
operatorless, Sept. 110 
Engineering department (see Management or Drafting) 
Engineering drawings, perspective, Jan. 106 
Engineering license laws, Nov. 137 
Engines, Mar. 190; Apr. 288; May 190, 196; Aug. 216, 218; 
Oct. 264; Dec. 298 
diesel has triangular cylinder arrangement, Oct. 212 
diesel, use unified thread system, Dec. 230 
jet, June 246 
noise-eliminator for, Oct. 134 
Expansion-forming, July 178 
Extrusion, Nov. 186 
of intricate shapes, May 184 
of steel, Nov. 158 
Extrusions, Apr. 346 
plastics, Mar. 145 
straightening, June 258 
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Facilities, general, Oct. 242; Dec. 310 
Fan blades, Apr. 284 
Fasteners, bearing nut, Aug. 124 
blind, Oct. 263 
bolts, high strength, Oct. 382 
bolts, nuts, screws, Jan. 182; Mar. 187, 188; Apr. 316; 
May 189; June 190; July 194, 198, 200, 204, 208; Aug. 
212, 232; Oct. 268, 286; Nov. 212; Dec. 305 
insert, June 194; Oct. 286 
locking, July 208; Aug. 207; Sept. 212, 214; Dec. 305 
pin, Mar. 110, 180; June 200 
retaining rings, Mar. 172; May 194; June 206 
retaining rings, solve design problems, July 152 
rivet, May 189; Oct. 263 
spring-action, Sept. 158, 212, 228 
unified thread system, used in diesel engines, Dec. 230 
washers, Apr. 274 
Fatigue life, improving by design, Jan. 171 
Feeders, Jan. 190; Apr. 286; June 196 
Felt, Aug. 214 
Fiber ducts replace sheet metal, Sept. 131 
Filters, Jan. 178, 194; Feb. 197; May 187; June 198; July 
204; Aug. 210, 214; Nov. 226, 236; Dec. 254 
Finishes, fire retardant, Oct. 132 
for aluminum, June 281 
plated, Dec. 138 
Finishes, protective, May 237, 240; June 188; July 200; 
Aug. 200; Sept. 206; Nov. 190; Dec. 282, 300 
protective, testing, July 106 
Finishing machine follows irregular contour, Nov. 157 
Fits, tolerances and limits for, Aug. 116 
Fittings, pipe, tube and hose, Jan. 186; Feb. 188, 193; 
Apr. 274, 278, 319; May 192, 204, 230; June 194, 200; 
July 195, 198; Aug. 206, 212, 222, 226; Oct. 270, 276, 
284; Nov. 218, 223; Dec. 274, 275, 280 
Flame-cutting, three dimensional, Oct. 227 
Fluid couplings, May 202; Oct. 454 
Fluid Power Association organized, July 186 
Followers, flat faced, for disk cams, Aug. 170 
Forging, Feb. 225, 230, 293; Nov. 188 
by press-extrusion, July 124 
Forgings, large, design of, Oct. 334 
Form rolling, Feb. 226 
Forming, Oct. 240, 248, 414, 416 
contour, limitations of, Aug. 284 
Friction materials, pressed-in, eliminate rivets, Sept. 120 
Fuse, hydraulic, Apr. 320 


G 


Gages, pressure, etc. (See also instruments), Mar. 98; 
Apr. 275; Sept. 108; Oct. 273; Nov. 228; Dec. 266 
strain, Aug. 244 
strain, applying in design, Dec. 389 
Gaging, X-ray, May 162 
Gas turbines, Sept. 186 
Gaskets, June 210; Aug. 218 
for severe service, Sept. 108 
Gear ratios, logarithms of, Feb. 177; Mar. 173 
Gear testing, torque loader for, Sept. 175 
Gears, Jan. 156; Feb. 177; Aug. 191; Oct. 132 
adjustable backlash takeup, Oct. 199 
designing for instruments, May 120 
drive boom hoist, June 115 
dynamic loading of, Oct. 203 
evaluating lubricat‘7n of, June 304 
for helicopter dri« ., Aug. 126 
irregular, for inert.. control, Dec. 193 
irregular, in shaker conveyors, July 154 


MACHINE DESIGN—Deceniber 1953 


noncircular, application and design of, Dec. 185 
produce varying velocity, May 141 
right-angle helical, design of, July 145 
scoring of, Apr. 402 
shot-peening, Sept. 294 
worm, designing, July 248 
worm, for shockfree transmission, June 238 
Generators, electric, Feb. 198, 220; June 210; Oct. 280, 
426 
Glass, Feb. 165 
Glassfabric-plastics laminates, Mar. 112 
Glass fiber, Apr. 286; June 104; Aug. 232 
used in heater ducts, Nov. 200 
Glued joints, design of, Oct. 193 
Governors, Apr. 276 
control limit switches, Dec. 430 
Grinder, surface, has special bearing, Aug. 161 
Grinding, Feb. 136; Apr. 341; June 102; Nov. 310 
turbine blades, June 136 
Grommets, Jan. 180 
Guided missiles, July 182 
Guided missile test range, Sept. 196 


H 


Hack saw, machine, Nov. 160 
Hammer drill, electric, Aug. 158 
Heating and ventilating machines, Dec. 398, 400 
Heat treating, Jan. 140; July 181 
Heat treating machine, Dec. 408 
Heat exchangers, July 200; Oct. 273; Dec. 136 
Heaters, Mar. 100; May 244; Aug. 210; Oct. 278; Nov. 
230; Dec. 276 

electric, selection and application of, Dec. 142 
Heat-resistant alloys, July 106 
Helicopter, drive for, Aug. 126 


‘Helicopters for airplane pickup, May 236 


Helicopter with four-bladed rotor, Aug. 200 
High-strength steel, design factors for, Oct. 149 
High-temperature alloys, selecting, Dec. 382 
Honeycomb materials, for aircraft, Aug. 192 
Hose, metallic, Apr. 338; Aug. 234; Sept. 216, 218, 222 
nonmetallic, Feb. 194; Mar. 180, 192; June 190; July 
195; Aug. 224; Dec. 278 
Human engineering, Sept. 110 
Human factors, in design, Dec. 374 
in machine indexing, Nov. 143 
Hydraulic analysis, electric analogies for, Jan. 166; Feb. 
131 
Hydraulic equipment, see specific type 
Hydraulic equipment, design of, Dec. 350 
Hydraulic fluid, non-inflammable, Oct. 244 
Hydraulic servo, redesigned, Feb. 123 
Hydraulic steering systems, Apr. 428 


I 
Induction heating, May 260 
Inertia, control of, July 154 
determining moments of, May 181 
moments of, evaluating graphically, Aug. 185 
Inspection, Sept. 246; Oct. 430; Dec. 136 
Instrument dials, July 208 
Instruments, Mar. 181; May 191, 198, 202; June 194; Oct. 
262; Nov. 213, 218, 230, 246 
gear design for, May 120 
scales, design of, Nov. 264 
shaft-damping, June 242 
total flow rate, Nov. 146 
Insulation, Apr. 354; Oct. 288; Nov. 212 
electrical, Aug. 196, 239 
Interferometer, uses electron beam, Sept. 202 
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Irregular gears for inertia control, Dec. 193 
Isotopes used in inspection, Sept. 194 


J, K,L 
Jet power unit drives boats, July 177 
Knobs, Oct. 273 
Latches, Apr. 277, 283 
flush, Dec. 226 
Lathes, automatic, Aug. 160 
copying, June 135 
Leather, Nov. 234 
Licensing engineers, Nov. 137 
Limits, simplified system of, Aug. 116 
Linearizer, mechanical, May 175 
Linkages, computing, Sept. 1/1 
design of, July 137 
design of a simplified approach to, Dec. 196 
four-bar, design of, Apr. 233 
graphical analysis of, June 177 
used in shaker conveyor, July 154 


Lubricants, Apr. 274; May 204, 206; June 198, 206; Sept. 


218; Oct. 278 
greases, properties of, May 129 
molybdenum disulphide, July 284 
solid, Nov. 272 
synthetic, Jan, 174 
synthetic, for high velocities, Nov. 284 
Lubrication, air, of bearings, Apr. 272 
Lubrication equipment, Jan. 178; Apr. 278; July 214, 220; 
Aug. 206; Nov. 214, 218 
Lubrication, gear, evaluating, June 304 
Lubrication system, steam drop-hammer, Apr. 158 


M 


Machine automatically counts and stacks, Nov. 171 
Machine indexing, human factors in, Nov. 143 
Machine, indexing, packaged, Nov. 147 
Machine leveling with strain gages, June 117 
Machine tools, Dec. 252 
design of, June 186 
Machine, ultrasonic, Dec. 260 
Machinery exports reach new high, Sept. 204 
Machines, special, Aug. 138 
Magnesium and alloys, reduced production of, June 284 
Magnets, Sept. 202; Dec. 138 
Maintenance equipment, Sept. 313 
Maintenance, low, design for, Feb. 114 
Management, engineering, Jan. 106, 116, 150; Feb. 160; 
Mar. 128; Apr. 370; Sept. 113, 114, 192; Nov. 182, 
194, 294; Dec. 136, 256, 262 
responsibility to engineering, Aug. 302 
steps to advancement, Sept. 272 
Manifold, resists vibration, Sept. 200 
Materials, behavior under thermal loads, Oct. 364 
handling, Apr. 326; Sept. 314; Oct. 408, 410, 412; Nov. 
302 
Materials handling machines, Dec. 402 
new, designing with, Oct. 314 
properties of, Oct. 138; Nov. 161 
selecting and specifying, Aug. 292 
Mechanisms Conference, July 178; Nov. 186 
Mechanisms, cams, disk, design of, Aug. 170 
classification of, Dec. 174 
determining acceleration in, Dec. 180 
eccentric gear, May 141 
first conference on, Sept. 188 
first conference on, transactions of, Dec. 173 
for connecting parallel shafts, May 153 
maintain tension, May 233 
produce non-linear rotation, May 175 
starwheel, design of, Apr. 255 
swashplate, Feb. 141 
switching, controls liquid level, Dec. 160 
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Metals (see specific type) 
Metalworking, Sept. 317; Oct. 414, 424 
Metalworking machines, Dec. 402, 403, 406 
Milling, Nov. 306, 308, 312 
Milling machines, Dec. 402 
Milling machine, cuts in both directions, May 140 
controlled by tape recorder, Dec. 253 
Molding Machine, Dec. 408 
Moments of inertia, determining, May 181 
evaluating graphically, Aug. 185 
Motions, systematic correlation of, Dec, 215 
Motors, electric: 
adjustable-speed, Aug. 124 
brakemotors, July 206; Aug. 209 
design of, May 300 
fractional and integral hp, Feb. 196, 200, 268; Apr. 276; 
May 194; June 206; July 210; Aug. 210, 214; Sept. 
186, 213, 225; Nov. 212, 226, 234; Dec. 262, 274, 278, 
282 
fractional and integral hp, meet latest NEMA stand- 
ards, Nov. 204 
fractional and integral hp, rerated by NEMA, Sept. 184 
frames for, Aug. 239 
gearmotors, Jan. 192; Feb. 188, 193; Mar. 180, 183; 
June 188; July 206; Aug. 207; Oct. 266, 282 
molded commutators, for, Oct. 202 
power bull-dozer, June 281 
simplify power transmission, Sept. 160 
subfractional hp, Jan. 194; Mar. 185; Apr. 286; May 
186, 189; June 188, 210; July 194; Sept. 225, 232; 
Oct. 270; Dec. 312, 320 " 
subfractional, instantaneous reversal, Aug. 342 
timing, Jan. 184; July 218; Aug. 229 
wind-tunnel drive, Sept. 190 
Motors, hydraulic, Jan. 182 
for engine starting, Oct. 200 
Motors, pneumatic, Apr. 364; Oct. 286 
Mountings, Nov. 228 
vibration and shock, June 208; July 196, 222; Aug. 
206; Sept. 232; Oct. 456; Nov. 238 
vibration and shock, for instruments, Dec. 428 
Nameplates, Apr. 282; Dec. 286 
Noise control, July 183 
Nomographs, for evaluating moments of inertia, Aug. 185 
for sleeve bearing design, Aug. 143 
Noncircular gears, design and application of, Dec. 185 
Nickel and alloys, Nov. 182 
Nickel-cadmium batteries, Oct. 132 


O, P 


Office equipment, Nov. 312 
Oscillograph records 14 channels, Sept. 138 
Packings, Aug. 198; Sept. 216; Oct. 263, 264 
floating, seal pneumatic valves, July 121 
Patent law, Oct. 215 
Patents, valid, Sept. 147 
Personnel, engineering, recognition of, Aug. 302 
Photocopy contest, Nov. 204 
Photography, high speed, Nov. 282 
Pictorial drawing, simplified, Mar. 128 
Pilotlights, Dec. 300 
Pipe, Sept. 214 
plastic, Dec. 280 
Pipe bender, Nov. 306 
Piston rings, Sept. 348; Oct. 424 
Plant equipment, Oct. 424; Nov. 315. °18: Dec. 406 
Plastic hydraulic pump, Oct. 199 
Plastic-metal laminate, Dec. 305 
Plastics, Jan. 177, 186, 270; Apr. 2%2 
102, 198; Aug. 200, 216; Sept. 21: 
Nov. 220; Dec. 136, 252, 25% 
hard vinyl, Dec. 169 
improve spinning units, June 1 


137; June 
266, 280, 290; 
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in gear couplings, Aug. 123 
reinforced, Mar. 142 
sheet used in ducting, July 172 
sintered nylon, July 181 
storage tanks, Sept. 192 
styling with, June 155 
seal castings, Sept. 204 
tape, for lettering, Aug. 122 
teflon, application in design, July 274 
teflon, change volume at room temperature, July 177 
teflon, protect conveyed products, July 184 
toughening, July 108 
use increasing, Sept. 200 
Plastics extrusions, Mar. 145 
Plastics molding, May 253 
Plastics-glass fabric laminates, Mar. 112 
Plastics plugs, Sept. 232 
Plugs, Apr. 283 
plastic, Sept. 232 
Pneumatic equipment (see specific type) 
Pneumatic receivers, high-precsure, Apr. 237 
Portable tools, Oct. 428 
Potentiometers, Apr. 277, 284; May 200; July 224; Oct 
273; Nov. 232 
Powder metallurgy, Jan. 137; Apr. 328; Sept. 202 
impregnant fills pores of parts, June 256 
Power steering, Oct. 228 
hydraulic, Apr. 428 
mechanical, Apr. 183 
Power units, packaged, Aug. 163 
Prezs interlocked safety guards, Dec. 246 
Press, hydraulic, May 150 
Press produces building board, Sept. 132 
Printed circuits, July 108 
produced by photo etching, July 184 
for electronic assemblies, Sept. 284 
Procesces, their effect on costs, July 112 
Processing equipment, Sept. 327 
Producibility, achieved by simplification, Nov. 112 
Product design, June 108 
Product development, Sept. 114 
Properties cf materials, Oct. 138; Nov. 161 
Pu'ley-clutch combination automatically takes up wea 
Dec. 424 
Pulleys, (see also sheaves) May 191; Sept. 230, 346 
Pumps, Mar. 178, 186; Apr. 280, 282, 364; June 192, 198, 
204; July 195, 202, 210; Oct. 270; Nov. 220, 223 
all plastic, Oct. 199 
for viscous fluids and high pressures, July 149 
use no seals, July 135 
centrifugal, June 183 
electromagnetic, Mar. 178 
electro magnetic, for molten metal, Dec. 138 
filter, Apr. 275 
high-precsure, design of, Feb. 185 
hydraulic, Feb. 194; Apr. 319; May 190, 192; July 204, 
206, 214; Aug. 208, 220, 222, 342, 346; Sept. 213, 344 
hydraulic, control system for, Dec. 221 
hydraulic, variable p‘ston displacement, Dec. 159 
pneumatic, Jan. 178; Apr. 288; Aug. 344; Sept. 225, 344 
pneumatic, vibrator powered, Dec. 172 
positive displacement, clearance design in, Feb. 127 


Q,R 
Quality control, Jan. 150; Feb. 160; Mar. 165; May 176 
Reactor, nuclear, Nov. 200 
Recorders, Oct. 405 
“stretch” data, July 106 
use aluminum tape, Nov. 156 
Rectifiers, Mar. 182; May 188; June 188 
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Reducers, speed, Feb. 198; May 200; July 202, 208, 220; 
Sept. 214, 218, 222; Oct. 268 
cooled by convection tubes, Dec. 160 
Regulators, pneumatic, Apr. 320 
pressure, Aug. 236; Sept. 212 
temperature, Nov. 226 
Relays, Jan. 184; Feb. 190; Mar. 183, 187; Apr. 275, 277, 
283; May 206; June 200, 202, 210; July 196, 200; 
Sept. 212, 213, 214, 222; Oct. 262, 270, 280; Nov. 217, 
226; Dec. 302, 308 
magnetic, in control systems, Apr. 154 
Research and development, Jan. 171, 196, 264, 276; Feb. 
154, 191, 204, 206, 234, 238, 283; Mar. 123, 149, 194, 
196; Apr. 290, 292, 294, 324, 325, 348, 358; May 187, 
208, 210; June 212, 214; July 228, 230, 232, 236, 238, 
241; Aug. 242, 244; Sept. 138, 235, 240, 242, 246, 250, 
252; Oct. 293, 294, 297, 300, 302, 304; Nov. 184, 190, 
198, 236, 240, 244, 246; Dec. 136, 326, 328, 330, 332, 
334, 338 
source of neutrons for, July 179 
Rheostats, Feb. 190, 192; Mar. 182, 185; May 188, 196; 
June 204 
Resistors, Feb. 195; Mar. 110 
Rubber, Feb. 246; Mar. 98; Apr. 279; May 248; Dec. 284, 
320 
high temperature in heater ducts, Nov. 200 
Rubber molding, July 224 


S 


Safety, design for, Aug. 142 
Saw, cut-off, Dec. 223 
Screws, ball, power, Aug. 226 
design and application of, Nov. 128 
dual drive, July 308 
for reciprocating motion, May 233 
Sealers, as engineering materials, Oct. 158 
Sealing shafts at high temperature and pressure, Mar. 
170 
Seals, Jan. 177; Apr. 280; May 204; Aug. 222; Sept. 230; 
Dec. 275, 324 
design for reliability, Sept. 266 
diaphragm, for high pressures, June 238 
for journal bearings, July 308 
mechanical, Feb. 222; June 198, 210; July 202; Sept. 
228; Oct. 456, Nov. 223; Dec. 426 
Selsyns synchronize 3-D projectors, June 244 
Servo, hydraulic, design, Feb. 123 
Servomechanisms, nonlinear, analyzing, Aug. 139 
Servo-systems, Nov. 223 
Shaft and hole tolerances, Jan. 116 
Shafts, finding torsional deflection, Nov. 179 
flexible, adapter, Dec. 275 
fluid ejection of, Sept. 122 
sealing at elevated temperatures and pressures, Mar. 
170 
Shapes, continuous-cast, June 129 
Shearing, July 178; Oct. 418 
Shell molding machine has simplified controls, Dec. 247 
Shock absorbers, Oct. 450 
Simplicity, key to producibility, Nov. 112 
Solenoids, Aug. 209; Oct. 278; Dec. 322 
Space Flight, May 284 
Spinning, July 267 
Spring materials, May 186 
Springs, Mar. 109; Oct. 270 
constant force, meter cable, Apr. 184 
design of, Sept. 134; Oct. 222 
hydraulic, Dec. 292 
largest constant force, July 188 
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mounting, flat plate, Nov. 127 
torsion, designing, Nov. i72 
Sprockets, Jan. 188; Mar. 185; June 202; July 204, 216; 
Aug. 216 
Spotwelding, design for, Feb. 157 
Stamping, Jan. 163; Feb. 188, 191; Nov. 234, 304, 312 
Stamping press for automobile frames, July 184 
Stampings, joining, Jan. 163 
Standardization of aircraft components, Dec. 378 
Starters, motor, May 191, 192, 198; Aug. 207, 224; Sept. 
"228; Oct. 268 
portable for jet engine, Sept. 198 
Static balancing, Oct. 229 
Steel, Feb. 245; June 208; July 183; Oct. 234 
chromium replaces nickel-bearing, June 118 
high-strength, design factors for, Oct. 149 
stainless, Feb. 305; July 218; Aug, 206; Oct. 236 
stainless, improved by rare-earth additions, Sept. 196 
Strain gages, applying in design, Dec. 389 
Stress analysis of rotating parts, July 128 
Struts, tubular, design for maximum strength, Aug. 133 
Styling of water coolers, Aug. 159 
Styling with plastics, June 155 
Switches, Jan. 182; Feb. 192, 194, 195, 196; Mar. 1835, 
186; Apr. 276, 282, 288; June 190, 192, 194, 204, 208; 
July 194, 202, 208; Aug. 208, 214, 216, 234; Sept. 213, 
216, 220, 225, 228; Oct. 262, 264, 266, 276, 282; Nov. 
223; Dec. 276, 278, 286, 294, 300 
commutating, Nov. 214 
Switches, governor controlled, Dec. 430 
use nylon parts, June 117 
Switches control liquid level, Dec. 160 
Swivel joints, June 196 
Systems, hydraulic, Oct. 426 
hydraulic, electric analogies for, Jan. 166; Feb. 131 


T 


Tachometers, Oct. 297 
Tantalum, Dec. 250 
Tape, stamped, for lettering, Aug. 122 
Teletypewriter, redesigned, Nov. 176 
Terminals, Apr. 284; May 196, 202; Aug. 214; Oct. 276, 
288 
Testing, Sept. 250; Oct. 246, 248, 252, 430, 432; Nov. 
184, 188, 198; Dec. 136, 260, 264 
acceleration, Sept. 206 
acceleration, centrifuge for, Aug. 182 
aircraft structures, Sept. 184 
using pressure vessel, Sept. 190 
Testing machines, Dec. 410 
Test range, guided missile, Sept. 196 
Thermostats, Jan. 184, 190; Mar. 182, 184; Apr. 242; May 
200; July 224; Aug. 218; Sept. 213; Oct. 264, 286; 
Dec. 289 
Threading, Oct. 416 
Timers, Apr. 278, 280, 283, 292, 294; May 186; June 196; 
Aug. 246; Oct. 278; Nov. 217, 220, 234, 240; Dec. 282 
Tires, low pressure, May 237 
Titanium, Oct. 252, 254 
cast, shapes, Oct. 132 
resists corrosion, June 298 
resists galvanic corrosion, July 188 
Titanium research lab., Sept. 192 
Toggle mechanism for indexing, May 136 
Tolerance assignment, Sept. 139 
Tolerances, hole and shaft, Jan. 116 
simplified system of, Aug. 116 
Tools, pneumatic, use interchangeable units, Dec. 224 
Torque converters, Jan. 178; Apr. 159; Sept. 222; Oct. 
454 
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Torsional deflection, finding, Nov. 179 
Torsional locking éliminates set-screws, July 120 
Torsion springs, designing, Nov. 172 
Trainer, flight, Aug. 194 
Transformer, Feb. 202; Nov. 228 
Transmissions, helicopters, Aug. 126 
helicopter, uses v-belts, Apr. 180 
variable-speed, Apr. 278; May 187, 188 
Tubing, Feb. 155, 200; May 186; Oct. 278, 284; Nov. 204 
high-strength, design for, Aug. 133 
nickel used in transducer, July 179 
spiral, for high pressure, Aug. 125 
telescoping, Feb. 155 
Tubing expander, Nov. 306 
Tungsten, Apr. 274 
Turbine blade grinder uses abrasive belts, June 136 
Turbine with variable area nozzles, Oct. 198 
Turbines, gas, Dec. 250, 251 
Turning, May 260; Oct, 414, 416; Nov. 308, 310 


U, V 


Universal joints, Feb. 189; Nov. 332 
constant velocity, design of, Apr. 162 
Valves, May 191, 198, 200, 204; June 192, 196, 202, 208; 
July 186; Aug. 229; Sept. 232; Oct. 266, 452; Nov. 
217, 218, 220, 228, 230, 332; Dec. 274, 276, 278, 280, 
284, 315 
performance analysis, Sept. 196 
Valves, sealed by carbon disk, Dec. 162 
electromagnetic, Apr. 314 
hydraulic, Jan. 115, 188, 190, 194; Mar. 181, 187; Apr. 
277; May 189, 190, 194, 206, 230; June 190; July 198, 
212; Aug. 210, 212, 214, 218, 222, 344; Sept. 214, 
220, 225, 230, 348; Oct. 263, 276, 454; Nov. 214, 238; 
Dec. 282, 286, 428 
hydraulic, for automatic pressure control, June 240 
hydraulic, design for reliability, Sept. 266 
needle, May 234 
pneumatic, Jan. 180, 190; Apr. 286; May 196, 230; 
June 188, 190, 200; July 202, 204, 214, 219; Aug. 208, 
212, 222; Sept. 222, 225; Oct. 268, 273, 276; Nov. 213, 
214; Dec, 275, 310 
pneumatic, controlled by wobble-rod, Nov. 125 
pneumatic, controls tape dispenser, July 136 
Vents, for low temperature units, Aug. 232 
oil breather, Aug. 207 
Vibration analysis, plastic models for, May 125 
Vibration, beam, analysis of, June 123 
Vibrating system analysis, May 169 
Vibration damper, viscous, Dec. 430 
Vibrator, powered by loudspeaker, June 260 
Vibrators, May 238 
for electron tubes, Aug. 157 
use revolving weights, June 157 
Viscosity, new standard for, Aug. 194 
Vitreous coatings, designer’s guide to, Jan. 141; Feb. 166 


W,Z 


Water coolers, styling, Aug. 159 
Wear analysis, Nov. 266 


Webs, control of moving, Sept. 151 

Welding, Jan. 114; Sept. 110; Nov. 202, 308: Dec. 252, 262 
spot, design for, Feb. 157 

Welder, spot, portable, July 106 

Wheels, Aug. 220 

Wire and wire products, Nov. 238 

Wiring, machine, Apr. 160 

Zirconium, Apr. 324; May 250 
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Speed Case (X1515) low carbon, 
open hearth, steel plate has won 
the favor of numerous manufacturers 

of machine tools, because of its 
machinability, its ease of finishing 

and response to the various 
case hardening methods. 





Typical is Rotex Punch Co., 





Oakland, California, who adopted 


Speed Case for the die turret plate 
on their versatile presses. They report ease of machining, longer tool life 


and negligible distortion in heat treating. 





The die turret plate retains the dies which are readily removed and 
replaced. At a flick of the wrist a different size punch can be brought into 
position. The turret die plate is then rotated to desired position and locked 
in place. Rotex “Quick Change” Punch Presses 
are widely used in sheet metal, fiberboard, plastic and 
other fabricating plants. Punches and dies 
may be round, square or other shapes. Speed Case 
has ideal physical properties for this appli- 
cation. Perhaps it can save time ond cut costs 





on your equipment. 





DISTRIBUTED By SEND FOR THE FACTS! 


Brown-Wales Co., Cambridge-Hartford-Auburn 
— Bridgeport Steel Co., Milford, Conn. — Beals, 
McCarthy & Rogers, Buffalo, N. Y. — Burger 
Iron Co., Akron, Ohio — Grammer, Dempsey & 
Hudson, Inc., Newark, N. J. — Earle M. Jorgen 
sen Co., Los Angeles-Houston-Oakland-Dallas 
— Passaic County Steel Service, Inc., Paterson, 
N. J. — Peckover’s Ltd., Montreal-Torc-to — 
Peninsular Steel Co., Detroit, Mich. — Pic.jeon- 
Thomas Iron Co., Memphis, Tenn. — Horace T. 
Potts Co., Philadelphia-Baltimore-York, Penna. 


Produced by W. J. Holliday & Co., Inc., Speed 
Steel Plate Division, Hammond, Indiana. 
Plants: Hammond and Indianapolis, Indiana. 


~ 
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ca the low rolling friction of a ball & add the greater 
load-carrying capacity of a roller Cy: and see the 
basic advantages offered you in a Shafer Congave Bearing. In a 
4 


Shafer Bearing the inner race is a segment of a true sphere a i 











and rollers are concave — s. Normal loads are carried 
on more than half of the center area contact (= Under heavy 
athe 
fyb 
loads case-hardened races and rollers compress \_. increasing 
) ects 
load area and bearing surface. This Concave principle provides 
\y/ 
exceptionally high reserve to handle shock loads 4, + and severe 
a 7 
vibration — How about thrust => (@ loads? In the Congaley 
— 7 


Bearing these loads are also taken in the center area 
and not at the roller ends Se as in the average roller 
bearing. Thus you have the right combination to handle Thrust a> 


Radial 4 or Angular wf or all a g Add automatic 


self-alignment S positive "Z" ss seals, Micro-Lock © 
aan (dereveees Ps a 





adjustment that compensates for wear, and you'll see why all industry 





looks for MMAR on Pillow Blocks Flange Units 


Cartridge Units — Flange Cartridge Units 9 
Take-up vost Duplex oni GD Take-up and Frame Units { BL 


A 
and Self-Contained Bearings @@ Call ta or write . rs 


Shafer Bearing Division of Chain Belt Company, 801 Burlington Ave., 






Downers Grove, Illinois. 


yp thin) feaudg Deeg HAF 
| for mine. Thane FFF OS f . aia DIVISION OF 


CHAIN eseur company 
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CLAD-SEAL 


GASKETS 





Against Leakage 


of LIQUIDS 
and GASES 








Clad-Seal gaskets have a central stabilizing 
copper base cladded with lead on both sides. 
Overall thickness, held to close tolerance limits, 
permits accurate assembly spacing in pumps or 
similar applications. 

The lead cladding provides ductile, inelastic 
sealing surfaces that do not cold-flow, extrude or 
separate from the strong supporting copper core. 

The dimensional precision of this material 
together with its constant compressibility factor 
enables clamping force to be accurately prede- 
termined and retaining screws accurately pre- 
loaded to limit fatigue stresses. Retained pres- 
sures may vary violently without corresponding j 
fluctuations in retaining screw stresses. 

The lead cladding does not deteriorate with 
age; is not affected by moisture or corrosion; 
does not shrink or swell and sheds no clogging 
particles or “whiskers”. 








LEAD ALLOY 
PRODUCTS COMPANY 


9116 ROSELAWN AVE. Clad-Seals are easy and quick to install. 





Roughness or tool marks on joint surfaces do not 
cause leakage. No expensive precision machin- 
ing is required. And Clad-Seals may be reused 
many times without loss of effectiveness. 


DETROIT 4, MICHIGAN 


FOR FURTHER DETAILS WRITE OR PHONE FOR BULLETIN -$-S51 





j 
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IN A SINGLE ENCLOSURE Federal Noark 
Type K Starters combine the time-proved Noark 
Bulletin 504 Magnetic Motor Starter with the 
famous Noark Type A front-operated disconnect 
switch and meet every specification set up by the 
Joint Industry Conference in the bargain. 

The enclosures are seam-welded sheet steel 
designed specifically to meet the requirements of 
industrial equipment in the automotive and simi- 
lar mass-production industries. External mounting 


Investigate the greater safety and convenience of Noark JiC Combination Motor Starters. Write 
for Bulletin 514-515. Federal Electric Products Company, 59 Paris Street, Newark 5, New Jersey 








Federal Noark products: Stab-lok Circuit Breakers, 
Motor Controls, Safety Switches, Service Equipment, Indus- 
trial Circuit Breakers, Panelboards, Switchboards, Control 
Centers, Bus Duct — Pacific Electric Manufacturing 
Corporation products: High voltage circuit breakers and 
power switches ¥% Sales offices in principal cities. 
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FEDERAL NEMA XII. 
COMBINATION STARTER 





straps, no knockouts and the neoprene-gasketed 
flat cover keep dirt, dust, oil and coolants out of 
the interior. The enclosure’s only opening is at the 
handle where a special boss and gasket exclude 
any foreign matter. 

Relays must be reset internally thus bringing 
overloads to the attention of responsible per- 
sonnel. For safety, the switch may be locked 
in “off” position with as many as three pad- 
locks and door may be padlocked separately. 





















For a Good Holding Job 


If you’re in the market for fasteners— 


. 
no matter what style, size or quantity—get in oitdd log 
4 


touch with Bethlehem. 





Maybe you have a bolting 


Bethlehem Bolts and Nuts are turned out in 
problem that calls for a fas- 





huge quantities at our fastener plant at Lebanon, tener of special design. If so, 
our engineers will be pleased 
Pa. We make just about every type of fastener to look into your problem, and offer recommendations. 











imaginable, and furnish them either plain or 


galvanized. BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products 
are sold by Bethlehem Pacific Coast Steel 
Corporation. Export Distributor: Bethlehem 


You'll like Bethlehem Bolts and Nuts. You 


can always count on them to do a good job. 


Steel Export Corporation 
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Plain Talk... 


about BaKeEurteE |olhyathylene 


TRADE -MARK 


EVERY MANUFACTURER . . . every industry can benefit 
by polyethylene’s remarkable combination of useful 
properties and methods of fabrication—surpassing those 
of any other material in the history of plastics. 

BakE.ITE Polyethylene is a big plastic—big in its pres- 
ent uses, far bigger in its future uses. Remember, it is 
only ten years old. Industry has only scratched the sur- 
face of what it may do. 

Yet, already BaKELrTE Polyethylene makes water pipe 

that answers a centuries’-old 
search. It’s light in weight, won't 
rust or corrode, is smooth- 
walled for full flow, and easy to install. 

BAKELITE Polyethylene started a revolution in pack- 
aging with the unbreakable squeeze 
bottle dispensing everything from 
cosmetics to insect sprays, shampoos 


to lubricants, car washes to medicines 





...dn colorful, styled packaging with 
dramatic sales and utility appeal. 
BakELITE Polyethylene gives industry a new way to 
handle corrosives in carboys and 
containers that are tough, shatterproof, 
won't crush or leak, unaffected by most 
chemicals . . . and so light in weight they 





ea bring important savings in shipping and 
handling costs. 
And for the food industry Baxexrre Polyethylene 


BAKELITE 
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provides film and easily-heat- 
sealed bags for packaging 


fresh produce, frozen foods . . . 





literally everything that can sell 
better by the appeal of visibility and assured freshness. 


Already, in scores of other ways . . . for covering for 





wire and cable...asan 4. 


Mf 
additive for wax paper... Ys 


Jf 








for soft, scratch- 

preventing tool 

cases and for 

an unlimited 
future of other uses, BAKELITE Polyethylene has opened 
a new frontier to the imagination and ingenuity of in- 
dustry. 

The plain fact is that Baxetrre Polyethylene has so 
many advantages that dernand has exceeded supply. 
But, much more is coming. Even now, new plants 
are under construction 


to expand production. 





Will you be ready when they are? You can be. Start 
today, by writing for a copy of our free booklet, 
BakELITE Polyethylene. 

It’s packed with facts and 
illustrations of what this plastic 
can do. Write Dept. SA-52. 





Nw 


olwanin7lenme 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation [a§ 30 East 42nd Street, New York 17, N. Y. 


TRADE-MARK 
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1878: Thomas Edison builds an electric motor for his Menlo 
Park “Express.” ...1910: G.E. establishes motor leadership 
in the infant electric industry....1925: C.E. adds 4 times 
more power per pound as it develops newer models. ... 1939: 
first Tri-Clad motor sets 14-year standard. 








General Electric Announces... 


A NEW MILESTONE 
IN MOTOR HISTORY 


New TRI}; CLAD motor climaxes 
75 years of engineering leadership 


The General Electric Tri/Clad ‘55’ is an important milestone in motor history. 
For this is a completely new motor. Born out of thousands of engineering man- 
hours, the Tri/Clad ‘5S’ incorporates design improvements that go far beyond 
mere modifications. Many years of pure research, the discovery of new, better 
materials, the knowledge of how to make better use of present materials, and 
improved manufacturing processes all make the Tri/Clad ‘55’ motor the new 
leader in the motor field. 

You as a motor user should take the opportunity to see and test this motor for 
yourself. Contact your nearest G.E. Apparatus Sales Office or G.E. Motor Agent 
and tell him you want to see the new G-E Tri/Clad ‘55’. General Electric Com- 


pany, Schenectady 5, N. Y. 648-4 


DESIGNED FOR BETTER PERFORM- 
ANCE: Tri/Clad ‘55’ has a low noise 
level... runs cool... gives up to 
53% increase in shaft output per 
pound...has higher full-load speeds. 


ENGINEERED FOR LESS MAINTE- 
NANCE: 10%-life tests (such as the 
one shown) prove the Tri/Clad ‘55’ 
bearings last longer without regreas- 
ing than any other bearing system. 


BUILT TO LAST LONGER: cast-iron 
strength ... more fully enclosed 
dripproof construction . .. water- 
shedding stator windings... poly- 
ester film insulation 8 times stronger. 
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ALODIZING 


Alodizing with “Alodine,”’* a new technique in the 
protective coating of aluminum, was made available for 
production-scale use in 1946. Since that time Alodizing 
has largely supplanted the more elaborate, costly and 
time-consuming anodic treatments in the aircraft and 
other industries. 


Continuous and successful industrial use has clearly 
demonstrated the simplicity and economy of the Alodiz- 
ing process as well as the effectiveness of the “Alodine” 
amorphous coatings, particularly as a base for paint. In 
fact, the paint-bond that Alodized aluminum provides has 
been found to be superior to that possible with chromic 
acid anodizing. 


The corrosion-resistance of unpainted aluminum Alo- 
dized with “Alodine” Nos. 100 or 300 is excellent, easily 
meeting the requirements of Specification MIL-C-5541. 
However, a need for protection of unpainted aluminum, 
even better than that obtained with chromic acid ano- 
dizing, has long been recognized. 


NEW IMPROVED “ALODINE” DEVELOPED 
By ACP RESEARCH CHEMISTS 


Several years of intensive research have now led to a 
new type of “Alodine,” designated as “Alodine” No. 
1200. This new protective coating chemical forms an 
amorphous mixed metallic oxide coating of low dielectric 
resistance that provides unusually high corrosion-resist- 
ance for unpainted aluminum. In addition, it forms an 
excellent paint bond that approaches closely the high 
quality obtained with the earlier types of “Alodine.” 

After having been tested for conformance with Specifi- 
cation MIL-C-5541, “Alodine” No. 1200 is now about 
to go into production. 


PROCESS DETAILS 


“Alodine” No. 1200 is the only essential chemical 
needed to prepare the coating bath and the final rinse 
bath. One of its unique features is that it can be used in 
tanks in an immersion process, or, in a multi-stage power 
washer in a spray process, or, with a slight adjustment 
of pH, with brush or portable spray equipment in a 
manual process. This means that even where the simple 
production equipment is not available, or where touching 
up of damaged coatings previously Alodized or anodized 
is required, excellent protection and paint bonding can 
still be obtained with practically no equipment. 
*"Alodine” Trade Mark 
Reg. U. S. Pat. Off. 





CHEMICALS 


PROCESSES 










Detroit, Michigan 




















NEW PROTECTIVE COATING CHEMICAL FOR ALUMINUM 


AMERICAN CHEMICAL PAINT COMPANY 


General Offices: Ambler, Penna. 


All three methods of application easily meet the re- 
quirements of Specification MIL-C-5541. 


Process sequence for all three methods of application 
is the same as for other standard grades of “Alodine” 
such as Nos. 100, 300, and 600, viz.: 1. Pre-cleaning. 
2. Rinsing. 3. Alodizing. 4. Rinsing. 5. Acidulated rins- 
ing. 6. Drying. 


Coating time in an immersion process ranges from 2 
to 8 minutes and in a mechanized spray process is about 
30 seconds. “Alodine” No. 1200 baths are operated at 
room temperatures (70° to 100°F.) and heating is 
required only if the bath has gotten cold after a “down” 
period. 


RECOMMENDED USES FOR “ALODINE” 


No. 1200 

“Alodine” No. 1200 is specifically recommended for 
coating wrought products that are not to be painted or 
are to be only partially painted; and for coating casting 
and forging alloys whether or not these are to be painted. 
“Alodine” Nos. 100 and 300 are still recommended for 
coating wrought products such as venetian blind slats, 
awnings, etc., that are invariably painted. 


RESULTS OF TENSILE TESTS 























SALT SPRAY COMPLIANCE WITH TENSILE 
—— EXPOSURE REQUIREMENTS OF MIL-C-5541 
168 hrs. passes 
CROMC 250 hrs. passes 
ACID 560 hrs fails 
cemumnted 1000 hrs. fails 
BRUSH 168 hrs. passes 
““ALODINE” 250 hrs. passes 
No. 1200 500 hrs. passes 
1000 hrs. passes 
DIP 168 hrs. passes 
“ ALODINE” 250 hrs. passes 
No. 1200 500 hrs. passes 
1000 hrs. passes 
=. |ss| = 
**ALODINE” $8. Gus 
No. 100 500 hrs. fails 
, 1000 hrs. fails 
CONVENTIONAL | 508 hrs. . 
CHROMATE oes — a 
TREAT! rs. ! 
anand 1000 hrs. fails 

















Niles, California Windsor, Ontario 
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-Newly Designed a integral 





.-. with completely standard 


round-frame, D-flange motor 





Every FALK Motoreducer 
has these “In-built”’ Factors— 


Precision Gearing. Heat treated alloy 
steel, precision cut and shaved helical gear- 
ing throughout . . . quiet-operating crown 
shaved pinions . . . taper bored gears for 
easy ratio changes. 

All-steel Housings. Unbreakable, strong, 
rigid. Generous overhung load capacities 
provided by wide bearing spans, large shafts 
and bearings. 











The basic E design permits 
maximum use of standardized 
parts . . . closer control over 
materials, processing, inspection 
and assembly . . . resulting in 
faster delivery from inter- 
changeable stocked assemblies. 





Streamlined inside and outside. Smooth, 
clean surfaces; machine welded construction 
conforms to NEMA motor frames. 


Positive Lubrication. Large sump capacity 
. - - Oil-tight construction assures clean lubri- 
cant... direct dip of revolving elements pro- 
vides positive lubrication at all speeds. 


Wide Speed Range. Selective ratio combi- 
nations provide output speeds from 1.5 rpm 
to 1430 rpm with stock gears. 


Sealed Housings. Dual closures and one- 
way vents keep oil in, dust and moisture out. 
Units are splash-proof, leakproof, dustproof. 






(Gearmotor Type-Supplementing 
Falk All-Motor Line) 





Check and Compare 


Meet a faithful old friend in a new, 
modern dress! The famous, time-proved 
Integral Type all-steel FALK Motoreducer 
(Supplementing Falk All-Motor Line) has 
been redesigned into a compact, stream- 
lined unit providing the utmost in space 
economy—but retaining all the applica- 
tion versatility, long-life performance, 
easy-maintenance features and superior 
structural qualities that have made Falk 
Motoreducers the recognized standard 
throughout industry. 

In this new Integral unit—rated in 
accordance with AGMA Standards—a 
completely standard round-frame, D flange 
NEMA motor is mounted directly on the 
all-steel Motoreducer housing. The motor 
remains a separate piece of equipment. 
Size and arrangement of the standard 
housing permit widest ratio range—from 
3.36:1 to 542:1. 

In order to meet the widely diversified 
needs of those who manufacture industrial 
equipment, the newly designed Integral 
Motoreducers are available in horizontal 
and vertical models, both in concentric and 
right-angle types; double, triple and quad- 
ruple reduction; horsepower range, | to 
40 HP. Prompt stock shipment in standard 
ratios is offered. Write for Bulletin 3104. 


...@ good name 
in industry 


THE FALK CORPORATION :.3001 W. Canal St.'-Milwaukee 8, Wis. 
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TEST CHAINS TEST CHAINS 


Link-Belt’s closer heat-treat con- 
trol—coupled with rigid testing 
and thorough inspection—is your 
assurance of uniformity. 





loser heat treat control means 


onger roller chain life! 


But it’s only one of many engineering 
extras you get from LINK-BELT 


HE long-life record of Link-Belt Precision Steel Roller 
Chain is based on more than closer heat treat control. 
Consider such extra-wear features as shot-peened rollers and 
lock-type bushings. They're further assurance of Link-Belt’s 
built-in extra life. 
Link-Belt Roller Chain is available in single or multiple 
widths, #g” through 3” pitch. Double pitch, 1” through 3”. 
For all the facts, call the Link-Belt office near you today, or 


write for Data Book No. 2457. 


ROLLER CHAIN & SPROCKETS 
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LINK-BELT COMPANY: Plants: Chicago, Indianapolis, Philadelphia, Colmar, Pa., 
Atlanta, Houston, Minneapolis, San Francisco, Los Angeles, Seattle, Toronto, 
Springs (South Africa), Sydney (Australia). Sales Offices, Factory Branch Stores 

and Distributors in Principal Cities. 13,120 
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Don’t overlook 
these other 
LINK-BELT extras 
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Shot-peened rollers have ex- 
tra fatigue life for higher 
speeds, heavier loads. 











Couple, uncouple multiple- 
width chains easily. 








No partial 

bearing her« 
—bushing fits 
securely 


Lock-type bushings assure 
free articulation. 
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RESEARCH KEEPS Goodrich FIRST IN RUBBER 
e of 








New kind of seal is watertight, 
airtight...zips open fast 


NEW KIND OF SEAL keeps gases, 
liquids, dirt in or owt. Here’s how 
it works: 


Rubber lips are molded with hairline 
precision so that they fit together 
tightly. They press together even with- 
out pressure to seal effectively. And 
with pressure against the lips, the seal 
actually tightens. The rubber seal is 
applied to an ordinary zipper which 
zips open or shut in a hurry. 

The B. F. Goodrich Sealing Zipper 


is so flexible it goes around curves and 
odd shapes where clamps won't work. 


Can be made of compounds to resist 
weather, oils, gasoline, chemicals. Can 
be sewn or cemented to fabric, metal, 
wood, glass. The rubber can be made 
to match any color. Production costs 
are often reduced because the zipper is 
sO easy to install. 


It has been used in life-saving suits, 
to seal delicate instruments against 
moisture, ,to seal lifeboats against sea 
water, to seal auto convertible tops 
against rain. It is ideal for any use that 
combines a need for an airtight, water- 
tight seal with a need for quick opening. 


BEGoodrich “Waist 
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Write for complete details, sending 
blueprints or specifications of your 
products to Dept. A-88 or send coupon 
below. The B. F. Goodrich Company, 
Zipper Division, Akron, Ohio. 


[moon 


; Send Now for Free Folder 
| Gives case histories, design advantages, suggested uses. 


| The B. F. Goodrich Company 
| Dept. A-88, Akron 18, Ohio 











... $@als vapor out of lamp, 





NEVER SHRINKS OR DRIES OUT. Both these gaskets were used for 
six months in a gear pump circulating hot hydraulic oil. The 
plant fiber gasket (left) lost its glycerine plasticizer, dried out, 
shrank, became hard, brittle. The Accopac gasket (right) re- 
mained virtually unaffected, as the photograph clearly shows. 


24 


Investigation of field complaints showed a lamp manu- 
facturer he had an unusual gasket problem. His gas- 
kets, which were doing a good job of keeping water 
vapor out, were nonetheless causing considerable dim- 
ming. The 350° F. heat of the lamp vaporized the 
binder in the gaskets. The extracted binder formed a 
dark deposit at the base of the lamp cover. 

To correct this, he tried an entirely new kind of 
fiber gasket material—Armstrong’s Accopac®. Severe 
testing proved that Accopac filled both his basic re- 
quirements—it made a vapor-tight joint under the low 
pressure of hand-tightened nuts, and its binder stayed 
in the gasket. 

Won't shrink or dry out. Accopac contains only one 
binder—non-extractable latex. Unlike most fiber ma- 
terials, Accopac is not made by dip-saturation, but by 
a patented variation of the beater saturation process. 
For this reason, Accopac gaskets won't lose their 


ARMSTRONG'S 
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Solves Serious dimming problem 


binder to heat or solvents. They also have nearly-per- 
fect dimensional stability over long periods of storage. 
Cork particles add compressibility. As you can see 
from figure 2, Accopac has a compressibility unusual 
in fiber materials. Thousands of tiny cork par- 
ticles are blended with the fiber and latex to 
assure you of a tight seal under low pressure. 


FREE GASKET MANUAL 


For full information on Accopac 
and other versatile gasket mate- 
rials, write for the 24-page manual, 
“Armstrong’s Gasket Materials.” In 
addition to full product data, it 
contains the latest Government and 
SAE-ASTM _ specifications, _ plus 
helpful design information, includ- 
ing sections on cost reduction, gas- 
ket tolerances, flange design, etc. 
Write Armstrong Cork Company, 
Industrial Division, 7012 Dean 
Street, Lancaster, Pennsylvania. 


eet f 
HE 


a 
HH 


HIGH COMPRESSIBILITY of Accopac is shown by these load-compres- 
sion curves. With light or stamped metal flanges, this compressibility 


allows gaskets to conform to irregularities and seal without distorting 
the flange. On heavy flanges, Accopac gaskets seal without crushing. 
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Here’s How the Revolutionary 





TIMING. | 


provides a superior spindle drive, at lower cost, on 


NEW BRITAIN’S SINGLE SPINDLE AUTOMATIC 


Desicnzrs of some of America’s 
finest machine tools are among the 
most enthusiastic users of the 
Gilmer ‘‘Timing’’ Belt Drive. 
With many, its unique combina- 
tion of features has made it 
a ‘“‘must’’ on all new model 
designs! 

One example is New Britain’s 
Model 126 Single Spindle Auto- 
matic Bar Machine. Newest of a 
proud line of automatic machine 
tools, its spindle is driven by a 4’’- 
wide ‘“Timing”’ Belt. Power is pro- 
vided through a variable speed 


control by a 15 hp motor at 
1750 rpm. 

Compactness of the ‘“Timing”’ 
Belt Drive is emphasized by the 
fact that the driving and driven 
pulleys, mounted on 9)%”’ centers, 
are approximately 4%" and 9” 
in diameter. 

Before the advent of the ‘““Tim- 
ing’ Belt Drive, a train of 3 
precision gears would have been 
employed to drive the spindle. 
However, according to the design 
engineer, the “Timing” Belt Drive 
is definitely preferred because it: 











@ Drives the spindle at a constant 
angular velocity, without slippage or 
backlash —very important in precision 
threading operations. 


© Delivers maximum power to spindle. 


@ Eliminates need for lubricating and 
housing the drive. 


@ Is quieter, smoother and vibrationless 
in operation. 


@ All things considered, is least expensive. 
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Laundromats in use, but... 


“We've never had a failure with 
American Quality Springs” 


says WESTINGHOUSE ELECTRIC CORPORATION 





HE Westinghouse Laundromat has been a household 
yy word ever since the first unit rolled off the production 
line in 1940. Since then, Westinghouse has produced over 
1,125,000 Laundromats. Despite many important im- 
provements, the superb spring suspension system has 
stood the test of time. It’s the same today as it was in 
1940, because it was designed so well in the first place. 

Three different styles of American Quality Springs are 
used in the Laundromat. The coil springs support the en- 
tire weight of the machine within its shell. The flat steel 
springs contain friction dampers that limit excessive 


AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL CORPORATION, GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 


movement caused by an unbalanced load during the spin- 
dry cycle. 

Failure of a coil spring could damage the entire ma- 
chine, At the least, it would mean an expensive service 
call. But, because of the efficient design, and the com- 
pletely reliable American Quality Springs, no spring has 
ever failed in a Westinghouse Laundromat. 

If service like this makes sense to you, get in touch with 
your nearest American Steel & Wire representative. We 
make all kinds of springs, any steel, any finish. And you'll 
get the same kind of quality that Westinghouse gets. 


¢ UNITED STATES STEEL EXPORT COMPANY, NEW YORK 





U-S:S American Quality Springs 
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WESTINGHOUSE LAYS DOWN rigid specifications for their American 
— Springs, proving their motto, “Quality must be built into a 
product.” 


~ BOTTOM DAMPER springs are installed. Because of the entire engineered 
suspension, Laundromat was one of the first washers that didn’t have 
to be bolted to floor. 
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PARKER-KALON 






originator and world’s largest producer of hardened 


Self-tapping Screws, and a leading manufacturer of 


Socket Screws and other fasteners, is now a 


GENERAL AMERICAN, with principal 
offices in Chicago, owns and operates the 
nation’s largest private fleet of freight cars 
which are leased to many of the foremost in- 
dustrial companies, and to railroads. In addi- 
tion, it is a major builder of all types of freight 
cars, owns and operates tank storage facilities, 
and is engaged in the manufacture of process 
equipment and molded plastics. 


In pursuance of a program of diversification, 
General American has acquired the business 
and assets of the Parker-Kalon Corporation 
through the purchase of capital stock. The busi- 
ness will henceforth be operated as the Parker- 
Kalon Division of General American Transpor- 
tation Corporation. 

The present management of Parker-Kalon 
will continue in charge. The sales and service 


Division of General American Transportation Corporation 


policies which have won the approval of the 
many thousands of P-K customers will remain 
in effect. As always, P-K Fasteners will be sold 
through P-K Distributors in every industrial 
area in the United States, Canada and in many 
foreign countries. 

With the far greater resources available 
through its new ownership, Parker-Kalon will 
accelerate a program of improvement and ex- 
pansion. New production and warehouse facili- 
ties will be built to meet the constantly increas- 
ing demands for P-K fasteners. Engineering and 
research will be augmented to speed the perfec- 
tion of new P-K products now in development. 

Now, even more than before, you can rely 
on Parker-Kalon for leadership in fastener de- 
sign, for consistently high fastener quality, and 
service in step with your needs. 





| 
P-K 


yRaoe 
C6. vs. Pat. Ore. 


mann 

















ff 


gf F 
é 2 
i a 
é — f 4 
. we 


General American Transportation Corporation 
200 Varick Street, New York 14, N. Y. 
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the answer 
to most interval 
timing=-control problems 





MANUAL SET TIMERS « Series RS 


Compact, rugged construction handles high load without auxiliary 
relay. Heavy-duty, snap-action contacts maintain continuous pres- 
sure and wiping action. 18” color-coded leads facilitate wire con- 
nections. 20-amp. rating—completely enclosed—2'%” dia., 3%” 
length — easy-setting knob — elapsed-time indication. Time-cycle 
ranges, 15 min. to 12 hrs., dial calibration, 15 sec. to 15 min. 115-volt 
AC current, 60, 50, or 25 cycles. Complete information in Bulletin #59 


INSTANTANEOUS RESET TIMERS + Series PAB 


For process control in industry. Have automatic reset, time-setting 
adjustment, large numerals. Extremely accurate. Built to stand hard 
usage. Timing range 1/10 sec. to 5 sec. in 1/19-sec. steps (PAB-3S)— 
to 2 min. to 3 hrs.in 2-min. steps (PAB-3H). Complete information in 
Bulletin +58 


AUTOMATIC RESET TIMERS Series P and M 


Series P have AC input line cord, built-in actuating start button, 
receptacles for plug-in remote-control and load circuits. Time cycle, 
15-sec. to 5-min., dial calibration, % sec. to 5 sec. 115 or 220 volt AC, 
50 or 60 cycles. 

Series M is similar to Series P, but start button cannot operate 
from remote position. Receptacle for plug-in load circuit. 60-sec. time 
cycle, calibrated in seconds. Complete information in Bulletin #68 


SIGNALING TIMERS « Series S 


Command eye and ear attention when time interval is completed. Auto- 
matically closes or opens circuit at end of elapsed time, and operates 
buzzers, bells, or lights at remote stations. 5”x5"x3", readily attached 
to wall, panel, or switch box. 115 to 230 volts AC, 25, 50, or 60 
cycles. Slow-speed, self-starting motor. Pure silver contacts. Interval 
range, 1 min. to 3 hrs., dial calibrated, 1 sec. to 5 min. Complete 
information in Bulletin +98 














Manufacturers of these and other timers and controls for Industry: 
AUTOMATIC RE-CYCLING TIMERS * TIME-DELAY TIMERS * RUNNING TIME 
METERS * INTERVAL TIMERS, 

















Ei il Beserel TL) INDUSTRIAL TIMER CORPORATION 


the Pulse Beut of Industry 131 OGDEN STREET, NEWARK 4, N. J. 
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AIR COOLED COUPLINGS AJUSTO-SPEDE MOTORS 


—_ °F me 


& 
YNAMAT 
i a 


EDDY-CURRENT 
ROTATING EQUIPMENT 


ABSORPTION DYNAMOMETERS 














LIQUID COOLED COUPLINGS UNIVERSAL DYNAMOMETERS 


Dynamatic Eddy-Current electro-magnetic equipment represents 
the ideal solution for a wide range of adjustable-speed drive 
problems, particularly where an AC power source is a require- 
ment. Typical applications include paper machine drives, cement 
mill drives, industrial truck clutches, press drives, crane brakes, 


fan drives—in fact, practically all test, processing, and conveying 


Write for your copy of Bulletin 
: GB-1 which describes and illus- 
rate control are important advantages. trates the basic Dynamatic units. 


NvuamaTi’ CORPORATION cewosua . wisconsin 
DYNAMATIC Subsidicry of EATON MANUFACTURING COMPANY, ctevetand, Ohio 
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equipment common to industry. Instantaneous response and accu- 





INK-BELT ball and — 























Jet engine parts are heat-treated in General Electric ing flanged blocks are water-cooled. Like other manu- 
roller-hearth furnaces at the Aviation Division of The facturers of equipment that must operate efficiently 
under the toughest service conditions, GE utilizes 


Bingham-Herbrand Corporation, Freemont, Ohio. To 
counteract high temperatures, the Link-Belt ball bear- various types of precision Link-Belt bearings. 


LINK-BELT ball and roller bearings 


Construction Equipment Textile Machines 


Metal Working Machinery Farm Machinery 


48 MACHINE DESIGN—December 1953 





— 


Toller bearings 


..- Keep company with America’s 
hardest-working machines 








HERE loads are heaviest and 

operating conditions most se- 
vere—you can always rely on Link- 
Belt precision ball and roller bearings. 
That’s why so many top equipment 
designers specify Link-Belt for their 
tough-job applications. 

Thousands of installations have 
proved the dependability of Link- 
Belt bearings. Quality construction 
throughout—combined with preci- 
sion manufacture—assures the ulti- 
mate in accuracy and long life. 

There are Link-Belt ball or roller 
bearings to meet every industrial 
need. And there’s a Link-Belt bearing 
engineer near you to help apply them 
to your particular requirements. You 
can also get all the facts from Data 
Book 2550. 


LINK{<G}BELT 


BALL and ROLLER BEARINGS 


LINK-BELT COMPANY: Executive Offices, 307 N. 
Michigan Ave., Chicago 1. To Serve moe age A There 
Are Link-Bele Plants, Sales Offices, Stock Carrying 









Lubrication fitting 
with pressure re- 
lief feature pre- 
vents excessive 
grease pressure. 


Wide inner ring 
distributes load 
over large shoft 
area. 








eed. 2 








Self - aligning 
seals effectively 
keep grease in 
and dirt ovt, re- 
gardless of align- 
ment. 


Universally align- 
ing. Capacity for 
radial and thrust 
loads. 


Spring - locking 

collar with set- 

* — screw clamps 

pee bearing firmly on 
a shoft. 


Lubricant passes 
freely into large 
reservoir to lubri- 
cate moving sur- 
faces. 


Easily installed by 
slipping bearing 
onto shaft and 
clamping inner 
ring by tightening 
two set-screws in 
spring locking 
collar. 


Sturdy, compact 


cast housing re- | 


-_——— quires minimum 
support space, can 
be positioned on 
the side of a ma- 
chine. 


One of many types in the Link-Belt line of Pillow 
Blocks, Flanged, Flanged Cartridge, Cartridge, ( 
Hanger, Take-Up Blocks and Unmounted Bearings. 


Factory Branch Stores and Distributors in All Prin- 
cipal Cities. Export Office: New York 7; Canada, 
Scarboro (Toronto 13); Australia, Sydney; South 
Africa, Springs. Representatives Throughout the 
World. 13,273-A 





smooth the path of power for all industry 
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Pulp & Paper Machinery Materials Handling Equipment Oil Field Equipment Processing Equipment 
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Take a closer look at the 





It would be difficult indeed to name any round hol- 
low part or structural assembly that can’t be ma- 
chined or formed out of B&W Mechanical Tubing 
— at worthwhile economies in time, costs and ma- 
terials. It will pay you, as it has so many others, to 
look into its great versatility and the opportunities 
it affords for cutting production expense and im- 
proving product quality. 


B&W Mechanical Tubing—both seamless and welded 




























































ADAPTABILI 


of B&W mechanical tubing You'll like wt 





















— is available in stainless, alloy and carbon steels, 
in tempers, grades, finishes and sizes to suit any 
needs. 


Call on Mr. Tubes — your nearby B&W Tube Repre- 
sentative —if you want help in determining the 
mechanical tubing best suited to your needs. Get the 
benefit of his long, close association with mechanical 
applications of all kinds to help you cut costs while 
keeping production high. 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 


Beaver Falls, Pa.—Seamiess Tubing; Welded Stainless Stee! Tubing 
Allience, Ohio—Welded Carbon Stee! Tubing 


TA-1747(C) 
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on fastenings to metal and plastics 


The simpler way to save 














PARKER-KALON Hardened 
Self-tapping Screws 








a 





Originated by P-K, first choice today 
* for fastenings to sheet metal, 


7 
7 ' 
7 | 
7 
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structural steel, non-ferrous castings 


i? 


SLOTTED OR PHILLIPS HEAD 


and forgings, plastics, plywood, hard 





compositions. Here’s why: 


FASTER. No tapping. Simpler, faster than machine screws, riveting, or 
bolting. Cuts a standard machine screw thread as it’s turned in. 


STRONGER. No loose fits, mistapping, or cross-threading. Lasting tightness 
under vibration proved in millions of applications. 


LOWER COST. Saves tapping time and tool expense, permits use of power 
drivers for faster assembly. 


IF IT’S P-K...1T’S O.K. For guaranteed quality, get the Original, — specify 
P-K. Samples and application information free. Ask your P-K Distributor 







or write: Parker-Kalon Division, General American Transportation 
Corporation, 200 Varick St., New York 14. 







x Up to 50% and more. Ask a P-K Assembly 
Engineer to help you estimate your saving. 







INDUSTRIAL 


® DISTRIBUTOR 
PARKER-KALON 
steers your 
Supply Dollars 


Te (nig SELF-TAPPING SCREWS to the best 
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Up to 8 interlock 
circuits (4 <t 
and 4 N.C.) easily 


front-mounted 
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Special —. 
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last longer 
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and maintenance 
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removable from 
front without 

disturbing 
power — 


Permanent 
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@ The highest degree of accessibility, 
flexibility and compactness—with no sacrifice 
of performance and long life. That's Square D 
balanced design—and you ll find it in every 


size Square D starter. 
elf’’ Parts Kits, another Square 











tenance easier than ever. Each kit contains 
parts to replace all load contacts and finger 


springs. Electrical interlocks also available 
in kit form. 


Write for Bulletin 3536, Square D Company 
ards St., Milwav 


4041 North Rich 























kee 12, Wisconsin 
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keeping oil temperature 


at proper operating level 


in this Terry Turbine 





A ROSS EXCHANGER 


Driving a centrifugal compressor in demand- 
ing refinery service, this Terry Multi-Stage 
Turbine is rated 2700 hp at 8500 rpm. To 
provide oil temperature control for the unit’s 
variable speed oil relay governor, main journal 
and thrust bearings, The Terry Steam Turbine 
Company factory-installed a Ross Type BCF 
Exchanger. An adequate supply of dependably 
cooled lube oil, at correct viscosity, is thus 
assured at all times. e 

Regularly written into specifications where 
high thermal efficiency and extreme rugged- 
ness are of prime importance, Ross Exchangers 
are widely preferred throughout the oil and 
gas industry as standard components of 
engines, compressors, speed increasers, trans- 
formers and hydraulic equipment. 

Pre-engineered, fully standardized, all 
copper and copper alloy Ross Type BCF 
Exchangers are stocked in a wide range of 


sizes to meet most requirements ... promptly. 
Detailed information is in Bulletin 1.1K5. 


Write. 


KEWANEE-ROss CORPORATION 


DIVISION OF AMERICAN RADIATOR & STANDARD SANITARY CORPORATION 


1429 WEST AVENUE @ BUFFALO 13, N. Y. 
in Canada: Kewanee-Ross of Canada Limited, Toronto 5, Ont. 





Serving home and industry: AWERICAN-STANDARD » AMERICAN BLOWER © CHURCH SEATS & WALL TILE © DETROIT CONTROLS © KEWANEE BOILERS © ROSS EXCHANGERS © SUNBEAM AIR CONDITIONERS 
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COMPACT, top-mount- } 
ed cooling unit falls 
within the over-all length 
and widthof main motor. 


SMOOTH vertical plates are 
self-cleaning. Cooling unit is 
easy to remove for inspe-tion. 


PROTECTIVE THERMOSTAT helps 
safeguard main motor in case 
of blower-motor power failure. 


EASY ACCESS to inspection 
opening—no tools required. 


General Electnc Announces 
New Unit-Cooled D-C Motor ! 


Smallest of type from 15-200 hp, new motor 
features 50% greater heat transfer in 377 
smaller unit than previous design. 


To meet your industry’s need for a compact, totally enclosed 
motor, this new General Electric unit-cooled design features 
more effective heat transfer in a smaller unit. 


Special construction assures dependable operation, with mini- 
mum maintenance, in the severe atmospheres which make open or 
partially enclosed motors difficult to maintain. 


Shutdowns for cleaning and inspection are reduced to a mini- 
mum. Air-borne contaminants and foreign particles are kept out 
of the internal ventilating air by the totally enclosed construction 






For additional information on ratings and dimensions, contact 
your nearest General Electric office or write for Bulletin GEA-6091, 
“Unit-cooled D-C Motors.” Address Section 770-31, General 
Electric Company, Schenectady 5, N. Y. 


THE SMOOTH STYLING of the new unit- 
cooled motor is in harmony with good machine 
design. Smooth contours facilitate cleaning. No , 
ducts or piping are needed on this compact, 


ready-to-install unit. 
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CC6-25, Foot Operated 





Spring Return 














CC 2-25, Ball Cam-Operated 








CC4-25, Hand-Operated 
CC5-25, (Same), Locking 
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CCI1-25, Solenoid-Operated 
Momentary Contact Type 





CC7-25, Foot-Operated Locking 











CC10-25, Piston-Operated 
Spring Return 








CC12-25, Piston-Operated 
Momentary Contact Type 





4 P-M 4-Way Valves! 


more compact, less expensive than any similar valves 


Here’s a new series of direct-operated 4-Way Valves for the con- 
trol of small, double-acting air cylinders. It’s the latest addition to 
Hannifin’s revolutionary ‘““P-M” line. ' 

Designed for easier maintenance. The only moving part is the 
valve stem with its two poppets. The valve body, which contains this 
stem, is quickly removed from the separate “manifold” to which all 
pipe connections are made. Thus, the entire valve can be serviced 
without breaking line connections. 

The CC Series. These new “P-M” 4-Way Valves, nominally of 4” pipe 
size, flow so much air that they can be used competitively with other 
¥%"’ valves when ordered with %” ports. They are corrosion resistant 
throughout and meet J.I.C. recommendations. 

Compare! You'll find these new Hannifin 4-Way Valves more compact, 
simpler and easier to use, and /ess expensive than any comparable valves. 


GET THE COMPLETE 
HANNIFIN “P-M” 
AIR CONTROL VALVE 
CATALOG 


The new Hannifin Controls Catalog 
contains complete information and 
specifications 
on all Hannifin 
“P.M" Valves, 
including this 
new 4-Way 
direct-operated 
series.Write for 
Bulletin 232. 





HANNIFIN 


Hannifin Corporation, 1115 S. Kilbourn Ave., Chicago 24, Ill. 
Air and Hydraulic Cylinders * Hydraulic Power Units * Pneumatic and Hydraulic Presses « Air Control Valves 
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Aluminum, like no other metal, combines good 
looks, light weight, high heat and electrical con- 
ductivity, corrosion and red-rust-resistant proper- 
ties. What’s more, its excellent machinability spells 
fast, accurate, low-cost production of intricate 
shapes by hand screw machine and single and 
multiple-spindle automatic screw machines. When 
you consider that three times as many parts can be 
machined from a pound of aluminum as from a 
pound of heavy metal, you find its cost less than 
for most other metals. 

For these reasons, needle valves, electrical switch 
components, gears and camera parts are fabricated 
from aluminum as well as all types of fastenings— 


wood screws, machine screws, bolts, cap screws 
and nuts. 

Aluminum permits faster feeds and speeds, but 
each alloy is a different metal, and machining 
characteristics of each must be taken into account. 
Alcoa, with years of experience machining alumi- 
num, has the background necessary to make proper 
alloy selection for a given product. Too, it takes 
great care in tool choice, condition and setting— 
the keys to accuracy and good finish. 

Someday, you may ask yourself,‘‘Why aren’t we 
using aluminum screw machine products?” To 
help you provide the answer, we submit that the 
following is... 


What tomorrow’s Design Supervisors 
should know about Aluminum 
Screw Machine Products and Fasteners today 











“,.. deep drilling where 
hole depth is greater than 


About Alloy Selection fear te she diainatonn’” 


In choosing an alloy, it is important to select the easiest to 
machine—that in addition possesses all the necessary physical 
and mechanical properties your product demands. 


Alloy 11S-T3 is the best all-around alloy for machining. 
It is used in a wide variety of general applications where 
good machinability is important. Its free-machining 
elements, bismuth and lead, account for this and also the 
fact that good finishes can be achieved even at high speeds. 
In fact, the only limiting factor today to the speed at which 
11S-T3 can be turned is the speed of the machine itself. 


Alloy 11S in the T8 condition is artificially aged 11S-T3, 
and has greater strength than the latter with similar 
machining characteristics. It is the better of the two for 
deep drilling applications where hole depth is greater than 
four to six diameters. 


Of the heat-treatable alloys, 17S-T4, 24S-T4 and 61S-T4, 
17S-T4 is most commonly used for its high strength or when 
deep drilling is called for. Alloy 17S in the T4 condition 
should be employed for general uses because of its higher 
mechanical properties and lower material cost. 


Alloys 24S-T4 and 61S-T4 are the next most commonly 
used of the heat-treatable alloys. When product application 
calls for high resistance to corrosion, where anodic finishes 
are to be applied or where parts are to be machined from 
tubing, alloy 61S-T4 is used. Alloy 24S-T‘4 is now widely 
accepted as the nut, bolt, screw and washer alloy because 
it has higher strength. Too, there is an advantage in 
standardizing on one aluminum alloy for this type of use. 





With alloys containing 98.7 and 98.8 per cent aluminum, 
there is higher electrical conductivity with a slight sacrifice 
in machinability. Allov 2S, which is slightly harder than the 
purer alloys, gives better machinability and is preferred 
over the purer alloys because of its higher strength. It is 
especially good when severe forming operations, such as 
spinning ends closed, flaring, flattening or upsetting, are to 
follow machining. Its high resistance to corrosion is used to 
good advantage in fittings for cooking utensils, for applications 
that require welding, conduit clamps, for gasket and 
sealing washers where close fit demands good deformation. 
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About Physical Properties 


The aircraft industry was one of the first to 
recognize the advantages of aluminum in any 
fabricated form—largely because of its good 
strength-weight ratio. And that holds true for 
aluminum screw machine products and fasteners 
as well. For example, 24S-T with its light weight, 
0.100 pound per cubic inch, has a yield 
strength of 48,000 psi and a tensile strength of 
68,000 psi. 

There is an advantage in machining battery 
caps and molded plastics inserts of aluminum. 
Since the coefficient of expansion of aluminum 
is similar to that of most plastics, the often 
severe disadvantage of combining materials with 


ra Who uses Aluminum °, 
. Screw Machine . 
‘. Products & 
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dissimilar rates of expansion and contraction no 
longer presents a problem. 

Although cutting speeds do vary according to 
the alloys and part size, surface speeds up to 700 
sfm are standard for turning round bar stock 
with a box tool. With square or hex stock, sur- 
face speeds of 300 to 450 sfm are common. And 
recommended feeds are equal to or above those 
used for most other metals depending on the 
depth of the cut, the tolerance and surface 
finish required. Generally, tolerances are quite 
close, but may be improved by slowing the feed. 
Surface finishes usually run better than five 
micro-inches with a box tool. 









Machine Products & Fasteners 


Probably more parts of all sizes and shapes are 
produced by machining than by any other 
primary fabricating process. True, during the 
war, most of Alcoa’s output of screw machine 
products went directly into the war effort. 

But, today, in addition to supplying defense 
needs, machined parts are going into a stagger- 
ing variety of products. Listed here are a few. 
Is yours among them? 


ELECTRICAL SWITCH COMPONENTS 
—Aluminum’s high electrical conductivity 
makes it a natural for use in electrical switch 
components. And, with its high resistance to 
corrosion and chemical attack, it is invaluable 
when exposed to weather or in use about 
process industry areas. It is lightweight, 
clean and bright. Best of all, despite its 
slightly higher raw-material cost, its end cos* 
is lower since three times the number of 
electrical components can be turned from a 
pound of aluminum as from a pound of 
heavier metal. 


CAMERA PARTS AND ACCESSORIES 
—Aluminum is rapidly replacing other metals 
in cameras of all kinds. Its naturally good- 
looking finish, especially when enhanced by 
special anodic or chromium 
finishes, imparts long-lasting 
good looks and extra “buy 
appeal” to any product. Ma- 


1 ALCOA SECTION chined from 11S and 178 alloys, 
Page 4 of 8 Pages these camera parts are light, 


strong and will give years of 
dependable service. 


Who Uses Aluminum Screw 


STANDARD FASTENERS— In assembling 
aluminum parts, it is best to use aluminum 
fasteners, first, to avoid any galvanic action, 
and second, to provide a uniform appearance. 
Thousands of standard fasteners are kept in 
stock at Alcoa to provide prompt service to 
your orders. Among these are machine screws, 
wood screws, sheet-metal screws, bolts, nuts 
and washers. 


SPECIAL FASTENERS—Where product 
design specifies and quantity justifies fasteners 
of special design, Alcoa’s complete hand and 
automatic screw machine facilities as well as 
cold-heading equipment stand ready to pro- 
duce them to your specification. Such fasteners 
are available in a wide range of alloys, types, 
sizes and finishes. Added protection of an 
Alumilite* finish can be furnished if desired. 


*Trade Name of Aluminum Company of America 
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About Finishes for Aluminum 
Screw Machine Products and Fasteners 


Choose a finish for your product that is in keeping with its function. 
Ask yourself, “Does it need an especially attractive luster for attention- 
getting sales appeal, or would it be enough to supply the very minimum 
finish and rely only on aluminum’s inherent lasting qualities?’ 


Here, finishes for aluminum are broken down into three basic types, 
mechanical, chemical and electrochemical, and are listed 


according to increasing cost. 





“... attractive luster for 
attention-getting sales appeal’ 


Simplest of all finishes is that which is performed by 
the tools in shaping or machining the part. Unma- 
chined sections have a natural oxide coating; 
machined sections take on the finish left by the tool. 
It should be remembered that the finish in heat- 
treated parts is characteristically dark. 

When appearance is not important, a tumbled 
finish can be used to remove burrs or sharp edges. 
Tumbling can be employed prior to threading the 
piece. But, it should never be specified where threads 
or close tolerances must be preserved. 

Most durable of all mechanical finishes is the 
“bright finish” or ball burnishing method where parts 
are placed in a tumbling barrel along with steel balls 
or cones. This type of finishing process cannot be 
used on parts with thin edges or where precision 
thread tolerances must be maintained. 

Tubes, bushings and similar parts having straight 
cylindrical outside diameters can be furnished with a 
centerless grind finish. Small parts can be shipped in 
bulk; large parts require special packaging to avoid 
rubbing in shipment. 
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Scratchbrush, or satin finish, a modification of the scratch- 
brush method, is most generally used on pots and pans, but 
may also be used on small screw machine parts used to 
assemble utensils in order to give uniform texture. 

Polishing, an operation which uses a fine-grit emery held in 
suspension by a tallow, oil or beeswax, gives what is called an 
“oiled”’ finish. It is often used just prior to final buffing, but 
can be used to achieve texture similar to that of the satin finish. 

The buffed finish brings out a high luster, with all minor 
surface scratches or lines removed. Or, a second buffing opera- 
tion may be used. This, the highest grade finish available for 
screw machine products, is performed only after preparatory 
grinding, oiling and first buffing have been performed. Because 
its extreme high polish will show marks readily, this finishing 
technique is rarely used unless it is to be followed by an 
anodizing process. 











Chemical etch is an economical way of imparting a uniform 
frosted finish to aluminum. Actually, a microscopically rough 
finish is produced which tends to hide surface scratches and 
give a light-diffusing texture to the surface. 





Alumilite or anodic coatings, when applied to screw machine 
products, provide finishes which are protective, decorative 
and functional. Threaded parts have less tendency to bind. 
And Alumilite offers protection against weather, wear and 
chemical attack. No matter the texture of the metal on which 
they’re applied, that texture will be reproduced after the 
anodic coating has formed. Clear, translucent or opaque 
finishes are possible, but for uniformity between related parts, 
each should be made of the same alloy and temper. 

The Alumilite finish when it is first formed is filled with 
smaller-than-microscopic pores. When it is important to pre- 
serve the appearance of the coating, special sealants fill those 
pores, making the surface stain resistant. If protection is 
paramount, corrosion inhibitors such as chromates may be 
absorbed and sealed within the coating to prepare a base for 
enameling. Or, dyes can be absorbed into the solution which 
lend a unique colored finish with all the luster of the metal 
showing through. 

















What you should know 
about designing for 
Aluminum Screw 
Machine Products 















Although most designers are familiar with good 
automatic machine practice, here are a few points to 
keep in mind when designing for aluminum screw 
machine products: 









TOLERANCES —Should always be as large as possible 
with close tolerances specified only on those dimensions 
critical to the part’s function. Costs are directly pro- 
portional to tolerance requirements. Location of cross 
holes, slots, milled sections and trademarks should not 
be held to close tolerances unless they affect the func- 
tioning of the part. If an outside portion of the product 
need not be machined, that point should be designated, 
and standard bar stock dimensions should be given. 
















DRILLING— Whenever possible, specify standard drill 
sizes. In some cases flatter angles can be used, but 
absolutely flat-bottomed holes usually mean extra ex- 
pense. Holes deeper than six times their diameter are 
difficult and expensive to drill. Wherever possible, 
ag a diameter should be increased; or, possibly, two holes, 
each with successively larger diameters, could be drilled. 
























: “,.. fine threads have a 
; tendency to seize” THREADS — Generally, fine threads or those having a 
*“V” shaped contour should be avoided because of their 
tendency to seize. And, you should avoid threading 
close to a shoulder or tapping close to the bottom of a 
hole. Tool breakage and slower production often result. 


BURRING— Where burrs occur, specify the removal of 
only those that must be removed. In some cases, de- 
burring can cost as much as the machining operation 
itself. Closely related to the problem of burrs is that of 
sharp corners. Corners resulting from the intersection 
of two turned surfaces can often be chamfered at no 
ALCOA SECTION extra cost. But, at the intersection of a turned and 
unturned section, chamfering usually requires an extra, 
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Alcoa brings the world to your 
armchair with “SEE IT NOW” fea- 


turing Edward R. Murrow, Tuesday 
| evenings on most CBS-TV stations 





No doubt there is more you would like to 
know about aluminum screw machine 
products or fasteners. If so, and whether 
you want to buy today or a year from 
today, check with your local Alcoa sales 
engineer now. He’ll help you select the proper 
alloy, machining procedure and finish that 

will get your product out on time at the 
lowest possible cost. Or, write on your 
company letterhead to ALUMINUM COMPANY 
or AMERICA, 1991-M Alcoa Building, 
Pittsburgh 19, Pennsylvania. 
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[SYNTHANE] — making bigger payloads pay off 





Synthane bushings, spacers, and bearings 

in the landing gear of this giant of the 
skies share the landing shock loads 
of twenty-five tons. But Synthane parts 
have many virtues in addition to their 
ability to withstand the jolts of heavy 
landings. 

Parts made of this hard-working lam- 
inated plastic are unaffected by oils, and 
are dimensionally stable. They resist 
abrasion, and weigh half as much as 
aluminum. 

Because Synthane is so easy to machine, 


Sywithane-one of induitijs unseen essentials [Ss 


MACHINE DESIGN—December 1953 


it is appropriate for fair-leads and cable- 
sheaves in control systems. Because it is 
an excellent electrical insulator, you will 
find it at work in engine ignition systems, 
flight instruments, automatic controls, 
and radar sets. Because Synthane is light 
and corrosion-resistant, it’s used for the 
flapper valves in fuel cell baffles. 
Synthane has all these properties and 
many more. It might be a good material 
for you to try. Start by sending for the 
complete Synthane Catalog. Synthane 
Corporation, 7 River Road, Oaks, Penna. 





IS YOUR ANSWER HERE? 


If you are not in the aircraft in- 
dustry, Synthane’s combination of 
properties may still stir your inter- 
est. Besides the properties at the 
left, Synthane has good tensile, 
compressive, flexural, impact 
and shear strength, a low coeffi- 
cient of expansion, is moisture- and 
wear-resistant, easy to machine. 








Brecker orms in 
distributor contain 
molded-laminated 
Synthane. 


Sliding component 

for handrail of 
moving stairway, 
machined from 
Synthone. 
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LAMINATED PLASTICS 
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UNBRAKO SHOuLDeR Screws have these features: heat 
treated alloy steel for strength; knurled head for sure 
finger grip, fast assembly; accurate hex socket for 
positive internal wrenching; shoulders held to unusually 
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As stationary guides, moving shafts or pivots. 
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close tolerances; threads and head concentric with 
body for uniformly accurate assembly; finished threads 
close to shoulder; fully formed threads, Class 3 fit; 
standerd sizes, %'' to %"' in a full range of lengths 

















PA 


For pressure pad and stripper plate applications. 
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Save time and money, use UNBRAKO standards 


Modern methods and quality control produce standardized 
UNBRAKO socket screw products in large quantities at low 
cost. A nation-wide industrial distributor organization, 
which stocks UNBRAKO, assures you excellent service and 
prompt deliveries. Write for UNBRAKOo Standards, a com- 
plete listing of standard products stocked by your local 
UnBRAKO distributor. SPS, Jenkintown 18, Pa. 


UNBRAKO SOCKET SCREW DIVISION 
S 





Stocked and sold by leading industrial distributors everywhere JENKINTOWN PENNSYLVANIA 


UNBRAKO 


STANDARDS 


























As stationary shafts or pivots. Write for UnsRAKO Standards 
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Get on the right track to 


BEAT WEAR __.. 


Ss 


Ss 


Nordberg Track Jack in oper- 
ation. Machine consists bas- 
ically of two hydraulic rams, 
each capable of lifting 
24,000 Ibs. Ampco Metal is 
used in the moving parts of 
the hydraulic rams because 
of its excellent resistance 
to wear. 
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Geor for metal spray gun — Extruded-rod. 











































One of the easiest ree to beat wear is to 


"aa and plane-opersting men turn to 
these versatile aluminum bronze alloys. They 
know that Ampco Metal builds extra toughness 
and stamina into their machines — toughness 

and stamina that mean longer service life, 
more dependable performance, lower costs. 


And unusual resistance to wear isn’t the 
whole story. Ampco Metal has high 
compressive strength — doesn’t squash out. 
It resists abrasion, erosion, corrosion. It 

has high impact and fatigue values, and 
excellent bearing qualities. 


You can get Ampco Metal in practically any ~@ 
form you need — sand and centrifugal = 
castings, sheet, plate, forgings, bars, Blade bushing for airplane propeller.— Centrifugally-cast 

tubes, welding wire and electrodes. 


Beat wear! Use Ampco Metal in both your 
product and plant — for that all-important 
extra margin of safety and dependability. 
For the complete story, contact your nearest 
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Ampco field engineer or send the coupon. Beryllium Copper is now available, both cast and 


extruded. Your inquiries invited. 


Teg 
f Out this coupon and mai/ lodgy, 


*Reg. U. S. Pat. Off. 





Pete e eee eee eeeeoeeoeeoere= 
AMPCO METAL, INC., Dept. MD-12, Milwaukee 46, Wisconsin 


I’m interested. Send me your free Ampco Metal literature giving 
descriptions and general applications of Ampco Metal. 


Name. TB iesccncarn wereessetstneseneinsinil 








Company 


Company Address 
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For continuous operation over ex- 
tremely wide speed ranges . . . or 
wherever unusually severe operating 
conditions must be met... the 
new Reliance Totally-Enclosed Dual- 
Cooled Motor extends the application 
range of the V*S Drive. Wherever high 
ambient temperatures, intermittent op- 
eration, prolonged low-speed opera- 
tion, or severe duty cycles pose diff- 
cult cooling problems, Reliance V*S 
Drive with Dual-Cooled Motors have 
proved to be the best answer. The new 
Dual-Cooled Motor is available either 
totally-enclosed or explosion-proof, 
conforming to Bureau of Mines and 
Underwriters’ specifications, in rat- 
ings from 15 through 150 hp. D.1484 


GET THESE FACTS NOW! 


Your request for Builetin C-2201 
will bring you this new booklet 
featuring large cutaway drawing 
with 3-color transparent overlay 
showing operation of Reliance 
Dual-Cooled Motor, together with 
fact-filled bulletin showing pro- 
duction increases and operating 
economies obtainable with Reli- 
ance V*S Drive. 


RELIANCE: 
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OPERATOR'S 
CONTROL STATION 


CONTINUOUS OPERATION at any spee 


RELIANCE 


Vx$ 















CONTROL UNIT 


TOTALLY-ENCLOSED 
DUAL-COOLED 
DRIVE MOTOR 





ELECTRIC A eo. ® 
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IN SINGLE TOOLING WITH MADISON-KIPP 


ZINC AND ALUMINUM DIE CASTINGS 





The three castings illustrated are made in the same die. 
Provision for the changeable die parts must be 

included in the original die design. Expert die making is 

also involved, but the end results of this type of pre-planning 


represent substantial savings in many instances. 


Madison-Kipp is skilled and seasoned in die casting 


mechanics and invites your inquiries for cooperative effort. 


tC] S MADISON-KIPP CORPORATION 
210 WAUBESA STREET, MADISON 10, WISCONSIN, U.S.A. 








© Skilled in Die Casting Mechanics @ - Experienced in Lubrication Engineering @ Originators of Really High Speed Air Tools 
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80 PSI AIR 


Input Range: 40 to 
3000 psi Air or Fluid 


TO 

2000 PSI 
HYDRAULIC 3 
- PRESSURE - 


Output Range: 200 to 
| 10,000 psi Fluid 4 


«>? 
bt 


( 


.°) 





















































FULL DETAILS IN MILLER BULLETIN B-200 SENT FREE ON REQUEST 
Other Miller products include: Air cylinders, 1%” to 20” Bores, 
200 PSI operation; low pressure hydraulic cylinders, 144” to 6” 
bores for 500 PSI operation, 8” to 14” bores for 250 PS!; high 
pressure hydraulic cylinders, 1%” to 12” bores, 2000-3000 PSI 
operation. All mounting styles available, 





SALES AND SERVICE FROM COAST TO COAST 
CLEVELAND * YOUNGSTOWN « DAYTON «¢ PITTSBURGH + PHILADELPHIA « 


BOSTON « HARTFORD « NEW YORK CITY « BUFFALO e« ST. PAUL * GRAND e 
RAPIDS « DETROIT « FLINT * FORT WAYNE « SOUTH BEND e INDIANAPOLIS 
e MILWAUKEE « LOUISVILLE « KANSAS CITY « SEATTLE * LOS ANGELES e 


SAN FRANCISCO « BALTIMORE « DENVER « ST. LOUIS « MOLINE « CHICAGO 
e HOUSTON « TORONTO, CANADA ond OTHER AREAS 


FLUID PRESSURE} 


BOOSTERS) 









® Save space, weight and investment cost by re- 
placing pump installations in many applications 


® Less costly to install, operate and maintain 


® Hold pressure indefinitely without the motion 
and heat generation of ordinary pump circuits 


© Provide — at point of cylinder thrust — more 
efficient power with less weight in less space 
than direct driven air cylinders 


® Save up to 95% of air consumed by direct 
driven air cylinders 





© Operate at speeds of 30 to 450 strokes per 
minute 














ESPECIALLY RECOMMENDED FOR 


© WELDING 
e PUNCHING 
© SHEARING 
e CLAMPING 
® RIVETING 
e CRIMPING 
@ PRESSING | 


and similar applications 








MILLER MOTOR COMPANY. 


2006 N. Hawthorne Ave., Melrose Park, Ill. 


AIR & HYDRAULIC CYLINDERS + BOOSTERS «+ “ACCUMULATORS 
COUNTERBALANCE CYLINDERS 
“ 


PAY LOADS PAY OFF? 











The Halliburton Oil Well 
Cementing Co., Duncan, 
Okla., keeps cement at 
right consistency during ° 
travel by using specially- 
designed Rotovoy trucks. 
Power is transmitted as 
desired through rugged 
Hygrade Drives. 





with 











Install ‘em in your plant—even mount 
‘em on your trucks — wherever tough jobs 
call for rugged, space-saving drives — the 
Foote Bros. Hygrade line can solve your 
problem. 

Hygrade worm gearing is skillfully 
engineered— precision generated —assures 
you greater efficiency, maximum power. 
Sturdy construction, improved design, 
compact housings — all offer you the sav- 
ings on maintenance, the superior perform- 
ance you've been looking for. 





This Trademark 
Stands for 
the Finest in 
Industrial Gearing 




















Maxi-Power 
Drives 


Foote Bros.-Louis Ailis 
Gearmotors 


Line-O-Power 
Drives 








HYGRADE DRIVES 





Hygrade Drives are available with hori- 
zontal or vertical output shafts — vertical 
extending upward, downward or both. 
Vertical Hytop units incorporate a wider, 
low-speed bearing span to accommodate 
long, unsupported extensions. Single, heli- 
cal and double-worm reductions provide 
you with ratios up to 4,108 to 1—capacities 
to 260 h.p. 

For better drives for every job, see your 
Foote Bros. representative, or write for 
helpful information. 


FOOTE BROS. GEAR AND MACHINE CORPORATION 
Dept. O, 4545 South Western Boulevard, Chicago 9, Illinois 


Please send Bulletin HGB on Hygrade Drives. 

















Name...... 

| Footeepgos,| = 
Address 

Belin Power TranGrovion Thwwugh Color Lear City......... 
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FW RYNEL POWER TRANSMISSION 


DESIGN ENGINEERING SERVICE 


| GEARMOTORS 


with High Overhung Load Capacities 
SPEED REDUCERS 


Rynel Speed Reducers and Gearmotors are offered in a range from 
1/50 to 5 H.P. and 1” to 8” centers, with any desired ratios practical 


in this range. 


Clean-swept modern design, plus gearing built to produce exact rated 
efficiency makes these Rynel reduction units highly desirable for all 
DESIGNERS AND SUPPLIERS critical operating conditions. 
Double Reduction 


Right Angle 
Parallel Shaft 
Shaft Mounted CALL A RYNEL ENGINEER — He Will Visit You the Same Day You Call. 
Speed Reducers 
and 
Gearmotors 





WRITE FOR A COPY 
of Complete Bulletin on Sizes and Types of 
RYNEL Reduction Units 


Ask For Bulletin 








Phone Sterling 4440 7 Chicago LOngbeach 1-71117 
311 Miller Street, Sterling, Illinois * 4730 N. Western Avenue, Chicago, Illinois 





CORPORATION 





SPUR - HELICAL - WORM - WORM GEAR - INTERNAL SEGMENT - RATCHET - STRAIGHT BEVEL GEARS 
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NEW CONCEPTS IN FINE-PITCH GEAR SUPPLY! 

































RYN. ff 1 J PRECISION FINE-PITCH GEARS 


| ASSURE LABORATORY-TESTED PERFORMANCE 





Rynel laboratory performance is a sure-check of gear tolerances and inter- 
changeability. It provides you with a test-run of dependable operation 
and quality. 


With complete control over blanks to finished gears, Rynel skilled in- 
DESIGNERS AND SUPPLIERS spectors check roll, bearing, concentricity, profile, lead and spacing 


; to your exact requirements. 
Electronic ¥ 9 


Instrument : 
Send blue prints to Rynel engineers for estimates or design sugges- 


Communication 
tions on your Fine Pitch Gear Requirements. 


Navigation 
| Power Tool 

and 
| Appliance A Rynel Engineer will visit you the same day you call. 


FINE-PITCH GEARS 


iD 






SEND FOR YOUR COPY — 
New Concepts in Fine Pitch Gear Supply. 















Phone Sterling 4440 e Chicago LOngbeach 1-711! 










301 Miller Street, Sterling, Illinois ‘* 4730 N. Western Avenue, Chicago, Illinois 





CORPORATION 





SPUR - HELICAL - WORM - WORM GEAR - INTERNAL - SEGMENT - RATCHET - STRAIGHT BEVEL GEARS 
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Put your product heres 


to shake-test it 
with 10,000 Ibs ©: 


force 


HERE’s nothing like a good shaking to test out 
Be peste designs, electronic equipment, instru- 
ments or complete assemblies for faults or flaws. 
In fact, for many products put to military use, such 
tests are specified. However, since all products en- 
counter some vibration or shock in service, many 
engineering departments use an MB Exciter to test 
all designs. By so doing, the “bugs” are discovered 
in the test laboratory instead of out in the field, at 
cost of good will. 


Largest in the line of MB electromagnetic shak- 
ers, the Model C-100 shown delivers at least 5 tons 
continuous force. Its performance permits heavy 
duty vibration testing to MIL-E-5272 and other 
specifications. It incorporates a number of unusual 
design features for easy, quick, convenient opera- 





Valuable bulletins for test engineers 


cps is comprehensively covered in MB 
Bulletin No. C-11-1. Bulletin No. 1-VE-1 
describes vibration exciters and details 
their specifications. Write today. 








MB produces the largest exciter ever built 
to meet heavy duty vibration test specifications 





Calibrating vibration pickups to 2000 THE 











tion—including interlocking controls for complete 
safety and provisions for cycling tests. 


HOW TO HANDLE LARGE MASSES 


MB can show you a setup of vibration exciter and 
resonating beam that multiplies the capacity of versatile 
MB Exciters many fold. 
Shaker being used in this 
fatigue strength test of air- 
craft engine mounts is the 
model S-3 rated at 200 lbs. 
Others available down to 10 
Ibs. force output. 

Vibration is MB’s specialty. 
You’re invited to draw on the 
benefits of this specialization 
—and get highly qualified 
products for testing and con- 
trol, and technical help on 
your problem. 





MANUFACTURING COMPANY, Inc. 
1060 State Street, New Haven 11, Conn. 


HEADQUARTERS FOR PRODUCTS TO INDUCE VIBRATION...TO MEASURE IT...TO ISOLATE IT 
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ELECTRICITY 









This 12 Ib. harness for a 65 H.P. Cyclone 
eeemay hold an idea YOU can use 


Tucked away near the engine of a jet fighter, a 
Thompson Air-turbine drives an integral pump that 
feeds the jet after-burners. 


Coupled to an electrical alternator, a Thompson Air- 
turbine drive delivers vast amounts of horsepower at 
micro-precise speed, regardless of fluctuations in load. 


These Thompson turbines pack abundant power 
into small space, with minimum weight. What’s 
more, they use air, always available at low cost. 


Industry is discovering dozens of new uses for these 
| Thompson Air-turbines . . . in a wide range of sizes 
and power. You may find it worth-while to call in a 
Thompson representative to tell you what we know 
about designing and building Air-turbines. To find 
out how you can put them to work in your applica- 
tion, present or future, write... 














ACCESSORIES DIVISION 


Thompson Products, Inc. 


DEPARTMENT AM-12 * CLEVELAND 17, OHIO 


. 
) 
. 
. 








2% = Shad SEGA RI RAMA. RRS 
12-pound, 65-HP Air-Iurbine-driven Pump 
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8. ie Lz . coil TYPE CSH—Capacitor Start, 


Induction, Single Phase Motor 
TYPE SP—Split Phase, suitable where high starting 


Induction, Rigid Base, Single torque and normal starting 
ao pt suitable my current is required. Vs to % H.P. 


4 ~ . light starting duty. Ye to Ys H.P. 







FOR TOP PERFORMANCE — LONG MOTOR LIFE — SATISFIED USERS — 
You can choose exactly the right motor specifications for each job. 


Century’s 28 branch offices and national network of authorized 
a distributors, also authorized service stations, will serve your 
: needs promptly. 


——"" UNIT HEATER MOTOR 

provides smooth, quiet 

performance throughout a 

long service life. 

1/20 to % H.P. 
GEAR MOTORS—\ to 
3 H.P. integral motor type. 
5 to 50 H.P. cll motor type. 


Q 





sha 
o , 
i . 
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MOTOR & CONTROL 
HIGHLIGHTS 





+ 
H 
j f 


! DRIPPROOF AND GEAR-MOTORS, completely new inside and out, assure longer motor service life. 










with new 7&/ 5 CLAD motors 


REG. US. PAT. OFF 





-—_--------- ame eas a a coms eames came 


General Electric Company 
Apparatus Sales Division, Sec. A668-108 
Schenectady 5, N. Y. 


Please send me the following bulletins: 





/_ for reference purposes 

X for immediate project 
0 GEA-6012 Tri/Clad ‘55’ Enclosed Motors 
O GEA-6013 Tri/Clad ‘55’ Dripproof Motors 
(0 GEA-6027 Tri/Clad ‘55’ Gear-Motors 


CONSULT YOUR SWEETS PRODUCT DESIGN FILE. You'll find 
“everything electric’ for machinery manufacturers in the 
General Electric section. 














meee eee ee nee 


NAME 
NEW MOTOR DESIGN INCLUDES: (1) polyester film slot, phase 
; ' : : COMPANY x 
; insulation; (2) press fitted stator punchings; (3) water-shedding 
. stator windings; (4) perma-numbered leads; (5) easy-access con- STREET 
duit box; (6) solid-cast rotor windings; (7) advanced bearing city___ STATE 





system; (8) protected end shields; (9) cast-iron construction. a i a a 








Mmm TURN PAGE FOR MORE G-E PRODUCT HIGHLIGHTS 
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Specify a compact G-E metallic rectifier for maximum con- 
venience, low installation cost, and minimum user maintenance, 
when you consider using d-c power sources. Each rectifier unit 
is a metal-enclos«d “‘package,’’ comprised of selenium rectifier 
stacks, insulated transformer and controls. Compact in design, 
they save valuabie space, require no special foundation, offer 
quick and simple installation. For example, the 25-kw unit 
shown above on the left is only 25 x 31 x 65\ inches. Ratings 
range from 0.75- to 25-kw (125 and 250 volts d-c) for singie 
units and up to 300-kw for complete installations. Check 
Bulletin GEA-5658. 


FULL LINE OF PHOTOELECTRIC RELAYS 
MEETS WIDE APPLICATION, LASTS LONGER 


Versatile G-E photoelectric re- 
lays are easy to install, adjust, 
and maintain. They provide an 
inexpensive and accurate way to 
count, control, or signal. Sturdy 
construction gives longer service 
life, easier installation. Various 
enclosures for specific applica- 
tions are available in the line. 
Relay shown here assures 450 
operations per minute. Other 
models from a complete line of 
relays, ranging from simple to 
the highly sensitive units, cover 
up to 600 operations per minute. 
For information on the entire line 
check Bulletins GEA-3533, GEA- 
5920, and GEA-5921. 


t 








== GENERAL @@ ELECTRIC — 
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PACKAGED METALLIC RECTIFIER UNITS 
SATISFY MANY DC MACHINE REQUIREMENTS 





PRECISE SPEED CONTROL on this large boring mill is provided by a G-E 
1000-rpm, 50-volt tachometer-generator connected to the feed drive— 
assures optimum milling performance, smooth surface finishes. 


G-E tachometer-generator helps 
provide accurate speed indication 


Whether you are 
looking for a voltage 
signal or speed in- 
dication on a small 
machine tool or a 
large machine oper- 
ation, G-E tach-_ 
ometer - generators 
give accurate, de- 
pendable responses. 
In conjunction with 
suitable indicating 
instruments, they 
measure rotating 
speeds from1 to 
15,000 rpm as well as linear speeds which can be con- 
verted to rpm. The precise G-E tachometer-generator 
(shown above) gives proper voltage signals to the 
control system. 

Each tachometer-generator is self-excited, totally 
enclosed with ball bearing construction. The over-all 
compactness of the unit assures fast, simple installa- 
tions. For full information see GEC-1016A. 
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Re Sins 


EFFICIENT G-E CALROD* HEATERS 
PROVIDE SAFE, CLEAN SURFACE HEAT 


Regardless of the size or shape of your product, G-E calrod 
heaters wrapped-around, cast-in, or clamped-on, provide con- 





venient, efficient surface heating. For example, the strip 
heaters at the left are designed for direct clamping to surfaces 
and the insertion heaters at the right for direct insertion into 
drilled holes. G-E calrod heaters are available in a wide variety 
of sizes, shapes, ratings and sheath materials. The Heating 
Specialist in your nearby G-E Apparatus Sales Office is ready 
to help you modernize existing design or develop new processes. 
F See Bulletin GEA-5866. 


NEW G-E MEASURING CATALOG AIDS 
LABORATORY AND PRODUCTION TESTING 


Available now, this complete and 
concise 80-page master reference 
work describes all General Electric 
testing and measuring devices to 
meet your laboratory and produc- 
tion testing requirements. Products 
included range from simple current 
indicators to complete automatic 
| oscillographs, from roughness 
scales to the mass spectrometer. : 
Brief descriptions, applications, specifications and prices for 
each product enable you to make a selection quickly and 
a easily. See Bulletin GEC-1016A. 


*Reg. Trade-mark of General Electric Company. 
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Please send me the following Bulletins: 

a/_ for reference purposes 

(C0 GEA-3533 Photoelectric Relay (150 
operations per min.) 

(C0 GEA-5334 Adjustable Speed Drives 

(CD GEA-5658 Metallic Rectifiers 


C0 GEA-5920 Photoelectric Relay (450 
operations per min.) 





Simple ACA motor gives your 
machine greater versatility 











If you need adjustable speed over a moderate range, 
the simplest, least expensive way to get it is with the 
General Electric adjustable speed a-c motor. Avail- 
able speed ranges are 3 to 1, 6 to 1, or 20 to 1. By 
a mere twist of the dial you get stepless speed adjust- 
ment. This new Tri-Clad* Type ACA motor is 
G.E.’s answer to your demands for a truly modern 
adjustable speed induction motor. It operates on 
a-c without any conversion equipment whatsoever. 

There is a G-E adjustable-speed drive to fit your 
particular job. Smooth pre-set speed control and 
accurate speed regulation is available from Thy-mo- 
trol* drive; precise speed control with Speed Variator. 
G-E packaged drives are available from 1/40 to 200 
hp. For full line of Adjustable Speed Drives, check 
Bulletin GEA-5334. 


General Electric Company, Apparatus Sales Div., Sec. A668-109 
Schenectady 5, New York 


for immediate projects 
CZ GEA-5866 Electric Heat 


CZ GEA-5921 Photoelectric Relay (600 
operations per min.) 


(1) GEC-1016A Mea 


a 


suring Equipment 





CONSULT YOUR SWEETS PRODUCT DESIGN FILE. You'll find 
“everything electric” for machinery manufacturers in the General 


Electric Section. 


NAME 





COMPANY 





STREET 








CITY. 
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Checking a locomotive spur gear at one of the great General Electric plants. 


Back of Every Good Gear Is a Good, Strong Blank 


Big gears for diesel locomotive service have to run a gantlet 
of inspections and approvals by metallurgists, engineers, and 
machine-shop technicians. When products of this sort have 
been passed, no one can ever doubt their fitness. 

The basis of a good gear is a good blank. Today, makers 
of top-quality locomotive gears are protecting their customers 
and reducing their scrap by using Bethlehem forged-and- 
rolled blanks for spur gears in traction motor drives. These 
same manufacturers report that the blanks are economical in 
first cost, sound metaliurgically, and easy to machine. 

Have you tried these forged-and-rolled blanks in your own 
operations? If not, there is no better time than right now. 


You'll find them ideal not only for gears, but for crane and 


sheave wheels, flywheels, turbine rotors, industrial wheels, 
tire molds, and other parts where high strength without 
excessive weight is required. They are available in a wide 
range of sizes — 10 to 42 in. OD — and they can be furnished 
heat-treated or untreated, as you prefer. 

Write for a free copy of Booklet 216. Lavishly illustrated, 
it will suggest many ways in which these sturdy, reliable 


blanks can ease design and production problems. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold 
by Bethlehem Pacific Coast Steel Corporation. Export 
Distributor: Bethlehem Steel Export Corporation 


BETHLEHEM FORGED-and-ROLLED CIRCULAR BLANKS 
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Will the product you 
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an alloy so tough you may not —~ 
yet have heard of it? 


a forged finish like plate glass? 





You may even have a twist or two of your own to add 
to the problem the Jet Division helped solve for jet 
aircraft engine builders . . . 


The “buckets” (paddles) on the turbine rotor at the 
rear of a jet engine whirl around about 10,000 times a 
minute, pulsed by a white-hot blowtorch of flame. To 
withstand this roaring inferno, the bucket surfaces 
and curves must be forged even smoother than glass. 
They must be made of an alloy tougher than the tough- 
est steel. They must “take” this red-hot ride for hours 
without stretching out, or “creeping”’, from centrifugal 
force and heat. 


The Jet Division makes more buckets for America’s 
engine builders than any other manufacturer. We forge 
super-strength alloys into finished parts so smooth and 
accurate that they need no costly, lengthy finish- 
machining or polishing. 


If your product or product-to-come must meet one of these JET DIVISION 


conditions ... two... three, or, even a brand new one, it 
can pay you to get in touch with us now: Thompson Products, Inc. 


DEPARTMENT JM-12 °* CLEVELAND 17, OHIO 
a a 
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permanently 
attached 
contact 
points 


Critical 
inspection 


‘welcomed... 


\/ 


ee 


exclusive 
backstop 
design 


both types 
of 
armatures 


vibration- 
damping 
springs 


Automatic Electric Class ‘‘A’’ Relay 


AUTOMATIL < 


Here’s the “workhorse” of the relay industry. Class 
“A” is a low-cost rugged relay that stands up under 
critical inspection . . . even after 25 to 50 million 
operations! 


Contact points are resistance-welded—permanently 
anchored to the spring for the life of the relay. 
Continual quality checks on the manufacture of the 
springs assure lifetime service. 


Backstop is specially formed to prevent armature 
freezing and to increase life. A “heavy-duty” arma- 
ture bearing can be supplied for heavy spring 
loads or constant high-speed operations; its over- 
sized, hard-metal pin turns in precision, long-wear- 
ing bearings. 


A choice of “long” or “short” levers gives you the 
lever ratio required for normal operating and re- 
lease speeds, or for a residual gap that doesn’t vary 
under heavy-duty conditions. 


For use under conditions of extreme vibration, a 
damper spring can be supplied to prevent excessive 
wear. This damper spring bears against the arma- 
ture and the bearing pin with considerable pres- 
sure, minimizes movement due to external forces. 


For exceptional performance, sensitivity and dur- 
ability, specify this outstanding member of the 
Automatic Electric relay family. Ask for Circular 
1800. Write: Automatic Electric Sales Corporation, 
1033 West Van Buren Street, Chicago 7, Illinois. In 
Canada: Automatic Electric Sales (Canada) Ltd., 
Toronto. Offices in principal cities. 


class ‘‘A’’ 
specifications 


Four Different Types of Class “A” Relays are available to meet 
your needs: Series AQA—Quick-Acting, DC; Series ASO—Slow- 
Operating, DC; Series ASR—Slow-Releasing, DC; and Series ASA— 
Slow-Acting, DC. 


Contacts—Normally single, but can be supplied with twin contacts. 
Load carrying capacity, 150 watts (maximum 3 amps., non-inductive). 


Contact Spring Capacity—Can be supplied with single or 
double pile-ups. Series AQA and ASO, 13 springs per pile-up; Series 
ASR and ASA, 6 springs per pile-up. (More contacts can be accommo- 
dated at a sacrifice of operating speed and release time delay.) 


Dimensions—Overall length, 4”. Width, single pile-up—1 14”, double 
pile-up—17". Height (depending upon the number of springs), Series 
AQA and ASQ, 154”-234¢"; Series ASR and ASA, 154”-2”". 


For more detailed information, ask for Circular 1800. 


R e LAYS CTS OF THE INDUSTRIAL swi Te H E = 
aN ELECTRIC 
CHICAGO 
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In mass-produced truck body members, 
U-S-S COR-TEN steel saves weight, adds strength, 
facilitates accurate construction 


By mass-producing standardized truck 


body shapes and sections that can be 


readily and quickly assembled, Parish 
Pressed Steel Company, Reading, Pa., 
has made it possible for local body 
builders to turn out steel truck bodies 
to meet individual truck owners’ re- 
quirements at high speeds and low cost. 

The use of U-S‘S Cor-TEn high 
strength steel in these prefabricated 
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U-S*S MAN-TEN steel gives 


heavy-duty earth moving equipment 
the stamina to stay on the job 


@ By building maximum strength and 
durability into parts ordinarily prone 
to failure through the use of U-'S‘S Man- 
TEN steel, Allis-Chalmers has ensured 
a high degree of productivity and profit- 
able performance for their TW-300 
Motor Wagon. 





body sections not only permits light, 
strong and very durable construction, 
but because of the high physical prop- 
erties of this steel and its consistent 
uniformity, it is possible to hold de- 
signs to exact limits and very close 
tolerances. Over-all results are much 
better than when less efficient mate- 
rials are used. 

With U-S-‘S Cor-TEN steel construc- 
tion like this, the body 
builder benefits because 
his operations are speeded 
up and his assembly costs 
are reduced. The truck 
owner benefits because he 
gets a truck that, while 
light in weight, has maxi- 
mum strength and dura- 
bility, is readily repaired 
if damaged and requires 
minimum maintenance. 








CLEVELAND 


* COLUMBIA 


NITED STATE 


Used in the sides, ends and bottoms 
of the bowl of this big capacity, hy- 
draulically operated bottom dump 
wagon, Man-TEN steel increases 
strength 50% over carbon steel con- 
struction, provides 50% higher fatigue 
strength, materially increases resist- 
ance to abrasion and to sudden blows 
in loading. An added advantage is in- 
creased resistance to atmospheric cor- 
rosion—4 to 6 times that of carbon steel. 

As a result, break downs and time- 
out for repairs are reduced to a mini- 
mum, as are maintenance and replace- 
ment costs. 


WHAT IS U-S-S COR-TEN 
HIGH STRENGTH STEEL? 


U-S‘S Cor-TEn is a ductile, low-carbon chro- - 
pace cage yee go ge peng steel 
having a yield point o psi min., and a 
tensile rien of 70,000, psi min. in thick- 
nesses 44” and under 
Its resistance to abrasion and shock is supe- 
rior to structural carbon steel; its fatigue resist- 
ance—that is, its ability to wit hsta repeated 
stresses—is 60% greater. 
heard pag megs en U-S‘S Cor- 
TEN is its unusually h resistance to 
atm corrosion—4 to 6 times that of 
lain steel, san 3 tnes teak of Gommec-ehaa. 
This property helps to assure the long life and 
low maintenance cost of any equipment, sub- 


ject to rusting, in which Cor-TEN steel is used, 
par A to obtain greater durability or to re- 
uce w 


uss ee steel is produced in all stand- 
ard ucts—plaies, shapes, bars, sheets, aes 8 
nded ai eoctaeen f oe sad sire light 
me or a n in 
and intermediate ri Hanlin 
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1-$-§ STAINLESS STEEL 





. TUBES ° wirRE 





- BULETS * 
step «mates * BARS 





SHEETS ~ 


Corrugated sheets of Stainless Steel O 
used for continuous conveyor cover 


@ Approximately 15,000 pounds of 

Stainless Steel went into a continu- 

ous conveyor cover fabricated by 

Elwin G. Smith & Company, Pitts- 

burgh, Pa., for Consolidated Edison 

Company, New York. **¢e6 ee ET ey. ze 
The cover consists of 710 corru- ef so enlall eee ce 4 o% 

gated and curved sections each made 

from a sheet of Type 430 Stainless 

Steel .029” x 30” x 83”. The sheets 

were corrugated on a standard type 

machine and then curved to a radius 

of 2’3” by a roller bending machine. 
Officials of the Smith Company 

are well pleased with the results ob- 


tained from their initial use of Stain- 
less Steel in this type of fabrication. 
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UNITED STATES STEEL CORPORATION, PITTSBURGH - AMERICAN STEEL & WIRE DIVISION, CLEVELAND - COLUMBIA-GENEVA STEEL DIVISION, SAN FRAN 


NATIONAL TUBE DIVISION, PITTSBURGH ~ TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA Y ‘DIVISION. WAREHOUSE DISTRIBUT 
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Sneed Queen Automatic Washers and Dryers 
have tops of Stainless Steel 


| 


@ The attractiveness, corrosion re- 
sistance and long life of Stainless 
Steel made it the natural choice for 
the tops of automatic washers and 
dryers manufactured by Speed 
Queen Cor, oration, Ripon, Wis. At ‘ 
Type 430—a straight-chromium _») ) ae een neon, Steet a 
grade of Stainless Steel—is currently 
being used for this application. 
Sheets are sheared, punched, drawn, : 
ground and polished into tops that , : Polishing Stainless top for Speed 
add sales appeal and long life. Queen Washer. 


s . . @ This grade school building in 
Stainless Steel Ribbon Windows Jamestown, N. D., is an excellent 
example of the use of WILKE Stain- 
hi li h t thi J t N p h | less Steel Ribbon Windows manu- 
factured by Wilke Metal Products, 

Ig Ig IS ames Own, eatin SC 00 Inc., Schofield, Wisconsin. 
These windows are fabricated 
from 18-gage Type 430 Stainless. 
They are brake formed, welded at 
the corners and then ground and 
polished to a soft, lustrous finish. 


3 


ae ; Welding corners of WILKE 
Stainless Steel Windows. 


Ee Wictemliameens Ribbon windows in new grade 
Bc A ee A lS ei school at Jamestown, N. D. 


Award-winning kitchen at a en 
Thompson Products literally glistens sau 
with Stainless Steel = 


@ Winner of a Merit Award in Institutions Magazine’s 
Seventh Annual Food Service Contest, this new cafeteria at 
Thompson Products, Inc., Euclid, Ohio, makes full use of the 
beauty and sanitary qualities of Stainless Steel. 

The equipment was “‘custom-bilt”” by Southern Equipment 
Company, St. Louis, Mo. An interesting feature of this in- 
stallation is Southern’s use of Stainless Steel for the fabri- 
cation of the cafeteria counter and various kitchen fixtures. 

















Cafeteria at Thompson Products, Inc., Euclid, O. 


‘ 
UsS UNITED STATES STEEL CORPORATION, PITTSBURGH - AMERICAN STEEL & WIRE DIVISION, CLEVELAND + COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
NATIONAL TUBE DIVISION, PITTSBURGH ~- TENNESSE AL & IRON DIVISION, FAIRFIELD, ALA. + UNITED STATES STEE PPLY DIVISION, WAREHOUSE DISTRIBUTORS. 
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All these requirements can be 


Electric Furnace 


Open Hearth 


Aircroft 
Armor 
Bearing 

Drawing 

Flange ond Firebox 


Metal Cutting Saw 

Razor ‘Blode “ 

Other Speciol Qualities 
INDIVID 

Quenched and Tempered 


Anneoled 
Spheroidize Annealed 
Normalized 


Stress Relieved 
N 


Hot Rolled 
Straight Leagths 


Coiled 
Flattened of Leveled 


Gas or Special Cutting 
Pickled 
Sand Blasted 


Formed, Machined or Othe 







Groin Size 
Macro-Etch . : 
Micro-Cleanliness ' 
auanand Chemical Anolysis . - 
Special Mechanical Tests 
impacts . . 
Tensile Tests 

Bend Tests 
AlSi-Govt.-ASTM-SAE 


Special Specifications 











a + Special Condstions .----- 
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U-5-§ CARILOY STEELS 
One Source for at your alloy steel 


plate, sheet, and strip 


JUST SPECIFY U-S-S CARILLOY STEELS 


_ 
* 





$-§ CARILLOY steels 


x * 
xx * Pad 


x * 


x * ” 


xxx x 


@ Note the accompanying list of 
qualities, treatments, conditions and 
specification requirements that can 
be furnished in U-S-S Carilloy plate, 
sheet and strip. This is the widest 
selection of flat-rolled Alloy Steel 
products you can secure from any 
one producer. Our unmatched mill 
flexibility and size range enable you 
to order anything from a razor blade 
strip to a plate for a battleship. This 
streamlines your purchasing, assures 
consistent quality and simplifies your 
manufacturing problems. 

For complete information, con- 
tact our nearest sales office, or write 
direct to United States Steel Corpo- 
ration, Room 2819-Z, 525 William 
Penn Place, Pittsburgh 30, Pa. 





Any time you have a metallurgical 
or fabricating problem, call in a 
United States Steel Service Metal- 
lurgist. He has an extensive knowl- 
edge of all types of Alloy Steels and 
can help cut costs by offering sug- 
gestions to assist your engineering 
and production people. 
















PULLING 
STATION 


_.. FOR LONG-LIFE 
LUBRICATION 





Telechron Synchronous Timing Motors 





MODEL H-10. Low-cost, light-duty motor 
capable of handling high momentary peak 
loads. Ideal for washing machines, dish- 
washers, refrigerators, and other appliance 
timer uses. 
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Seal the oil in with the moving parts, and they'll both last longer. That's the 
simple reason behind the long, dependable life of Telechron Synchronous 
Timing Motors. 


Into each motor goes a measured amount of special oil—carefully formulated 
for the particular service the motor is to perform. Then the unit is sealed. Dirt 
and dust can’t get in. Lubricant is lifted by capillary action from the reservoir 
to all bearings, and flows continuously to all gears, efficiently . . . so efficiently, 
in fact, that many Telechron motors are still operating accurately and depend- 
ably after 20 years of continuous use. 


There are other advantages, too, in Telechron Synchronous Timing Motors. 
Quick starting, due to the lightweight rotor. Power-line accuracy, because of 
true synchronous operation. Cool running, with the field coil isolated from the 
rotor unit. Altogether, a combination of worth-while features unique in the field 
of electric timing. 


Telechron motors are available in a wide range of speeds and torque ratings, 
and for any standard AC power source. Get full details. Write Telechron 
Department, General Electric Co., 212 Homer Ave., Ashland, Mass. 
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EASTMAN KODAK’S RECORDAK MICRO-FILE MACHINE can microfilm 32 acres 
of valuable records for storage in only 12 cubic feet of filing space. Accurate 
performance of Ward Leonard Vitrohm rheostat (in circle) helps to assure 
clear, sharp, reproduction on microfilm. 


ae 
vies 


CUTAWAY VIEW OF TYPICAL WARD LEONARD RHEOSTAT. Eastman Kodak’s 
Recordak engineers chose a 13-in. Vitrohm rheostat to control lamp voltage 
in the Recordak Micro-File machine. It provides 161 graduated steps of 
smooth, accurate, dependable control. 








Recordak 
Corporation 
uses Ward Leonard 
rheostat for 
accurate light control 
in microfilming 


¢ Light plays a critical role in committing bil- 
lions of industry’s valuable records to microfilm 
every year. Its intensity must be carefully con- 
trolled for each exposure on Eastman Kodak's 
Recordak Micro-File machine in order to make 
proper allowances for paper texture, color and 
reflectivity. 

To handle the job of adjusting lamp voltage to 
meet these varying requirements, Recordak engi- 
neers selected a dependable 13-inch Ward 
Leonard rheostat. It’s the only adjustable control 
used in operating the unit. 

Accurate performance of this rheostat in 
Recordak Micro-File units helps to assure clear 
reproduction of every detail in the documents 
being photographed. 

If your product requires accurate electrical 
controls, our engineers are ready, willing and 
able to help you select the right ones for the job. 
Write Ward Leonard Electric Co., 58 South St., 
Mount Vernon, New York. 


WARD LEONARD 
A4 ELECTRIC COMPANY 


MOUNT VERNON, NEW YORK 


PReale- EE rgrcored Conitiols Since 1892 
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HEAT-RESISTANT FINISH is automati- 
cally applied and infra-red baked on all 
Vitrohm pressed steel rheostat plates. 

















Here's how dependable 
performance is built into 
every Ward Leonard rheostat 


e All rheostat materials, from vitreous enamel frit to heat- 
resistant finish, as well as all manufacturing processes, are 
carefully controlled by Ward Leonard engineers. 

After assembly, rheostats are given thorough mechanical 
and electrical tests to guard against any constructional 
defects that might impair operating life or accuracy. 

That's why you can depend on the performance of any 
Ward Leonard rheostat you select from the most complete 
line ever offered for industrial control applications. 

You'll find a complete description of the entire line, 
including standard and special designs for all current ratings 
up to 400 amperes, in the new Ward Leonard Bulletin 60A 
shown at the right. Write for your free copy today. 
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Production costs cut 90% 


WITH GRAY IRON 


Gear cover fabricated from nine pieces. Made entirely in green sand, the Gray Iron castings were 
Arrows show cut-outs. produced at one-tenth the cost of fabricated gear cover. 


Matchplate and gear cover. 


Formerly, nine separate pieces were shaped and 
welded into a fabricated gear cover for a braiding 
machine. Then, the manufacturer redesigned 
the gear cover for production in Gray Iron. 

The finished and machined casting cost less 
than 10% of the production cost for the fabri- 
cated piece. This saving quickly paid for 
pattern-equipment costs . . . netting a 90% 
saving on all parts thereafter. By redesigning 
for Gray Iron, the manufacturer not only made 
substantial savings, but obtained the advan- 
tages of a streamlined, vibration-absorbing 
gear cover. 

Look at the structural and functional re- 
quirements of your fabricated parts. You can 
undoubtedly use the unique characteristics of 
Gray Iron—and the economy offered by this 
casting process. Why not write us for more 
information? 













GRAY IRON CHARACTERISTICS INCLUDE: 


Castability Low Notch Sensitivity Corrosion Resistance 

Strength Wear Resistance Durability 

Rigidity Heat Resistance Vibration Absorption 
Machinability 





MAKE IT BETTER WITH GRAY IRON 
75% of all cast metal products are Gray Iron 





GRAY IRON FOUNDERS SOCIETY, INC. 


NATIONAL CITYV-E. 6th BLDG. CLEVELAND /4 OH/O 
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LINK-BELT offers 
the chain that’s best 
for every job 
i many varied drive and 


conveying jobs performed by 
chains and sprockets require dif- 
ferent physical characteristics. The 
S-815 flat-top conveyor chain is 
an example of how Link-Belt 
builds a type and size for every 


purpose. 








Class RC crescent flat-top 
chain—travels in horizon- 
tal planes, around corners; 
ideal for bottles and cans. 


conveyors or inclin 


chain pull is desired. 
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Malleable roller chain for s 
ele- carries cartons, cases, etc. 
vators where reduced 








Beer cans get a smooth 

ride on Link-Belt S-815 
flat-top chain. Economical 

and easily kept clean, S-815’s 
one-piece link provides long- 
life handling of containers 
through washing, filling, cap- 
Ping, sealing and other operations. 








_ Here’s a smooth-operating, flat-top 
conveyor chain...moderately priced 


In addition, every chain in the 
complete Link-Belt line is built 
for longer life. Rigid control of 
raw materials and manufacturing 
processes is your assurance of 
uniformity. 

For all the facts on S-815 flat- 
top conveyor chain, ask for Folder 
2344. And for information on the 
complete Link-Belt chain line, see 
your nearest Link-Belt district 
sales representative. 





Class 400 swivel chain— 


over paths with both verti- 
cal and horizontal turns. 









Class RC flat-top chain— 
precision made for smooth- 
est, spill-free carrying and 
long life. 


LINK-BELT COMPANY: Plants: Chicago, Indi- 
anapolis, Philadelphia, Colmar, Pa., Atlanta, 
Houston, Minneapolis, San Francisco, Los 
Angeles, Seattle; Scarboro, Toronto and 
Elmira, Ont. (Canada); Springs (South 
Africa); Sydney (Australia). Sales Offices 
in Principal Cities. 





CHAINS AND SPROCKETS 


13,325 


No one chain serves every purpose... get the RIGHT one from Link-Belt’s complete line 


| Be, Sey ap 


“=R,, 


Class RC universal crescent 
flat-top chain cam be used 
for multiplane operation 
traveling variety of paths. 














This Cross Transfer-matic was built for Ford 
Motor Company for use in its Tractor and 
Engine Division. It mills, drills, bores, taps, 
reams and chamfers 72 tractor cylinder blocks 
in an hour, and is equipped throughout with 
Wagner totally-enclosed motors. (A total of 
32 motors, ranging from % to 15 hp.) 


Machine tools powered with Wagner totally- 
enclosed motors are assured freedom from 
excessive downtime caused by motor failure, 
because these motors are fully protected 
against damage from steel-filings, chips, dust, 
dirt, fumes and moisture. 






Waedaer Motors provide 


to machine 72 tractor cylinder blocks per hour 


S208 Shee Seheek Sa 


Wagner 


ELECTRIC MOTORS 


«e+ the choice of leaders 
in industry 


For your requirements, there is a Wagner 
Motor to fit every need—a complete line for 
all current specifications, with a wide variety 
of enclosure types and mountings. Bulletin 
MU-185 gives full information. Do you have 
a copy? 


A nearby Wagner engineer 
will be glad to help you 
select the right motors for 
your next application. Con- 
sult the nearest of our 32 
branch offices, or write us. 


WAGNER ELECTRIC CORPORATION 
6404 Plymouth Ave., St. Lovis 14, Mo., U.S.A. 





TRANSFORMERS + 





AUTOMOTIVE BRAKE SYSTEMS —~ AIR AND HYDRAULIC 






BRANCHES IN 32 PRINCIPAL CITIES 










INDUSTRIAL BRAKES 
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Aluminum Conductor Busway, 
light and economical, by 
Bull Dog Electric Products Co., 
Detroit, Mich., uses Revere 
Aluminum (EC Grade) Bar. 


i d 
Many makers of indoor ar 
pea chairs and furniture use 
Revere Aluminum Tube. This 
chair by Lawnlite Co., Miami, 


Florida. 


A Revere Aluminum Extruded ; 


is used by the meat packing industty. -™ 


as smoke-sticks for hanging meats 
during the smoking process. Photo 
courtesy The Globe Co., Chicago, lil. 
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The heart of this cylinder 
surfacing hone is a 
Revere Aluminum 
Extruded Shape. Photo 
courtesy Ammco Tools, 
Inc., North Chicago, lil. 


U. S. Air Force crash trucks 

and rescue vehicles by 

merican-LaFrance- 

amite Corp.,Elmira,N. Y., 
Aluminum. 




















50,000 : 
(Flange) series 


50,000 ¥ 
(Modified) series 















50,000 50,000 
(Modified) series 


Figure 1. Caterpillar No. 6 Shovel 


National Oil Seals used at key points 
throughout new Caterpillar No. 6 Shovel 


The Caterpillar No. 6 Shovel is a 66 hp 
heavy-duty unit of two-yard capacity, 
with a non-oscillating track frame. As in 
other Caterpillar equipment, National 
Oil Seals are installed at key points to 
retain lubricant, exclude dirt and water, 
and prolong life of bearings and as- 
semblies. 

Among the many positions where 
National seals are installed is the front 
crankshaft bearing. Here a National 
50,000 series seal with a special, press- 
fit mounting sleeve is employed. This 
seal is of single-lip design, and has 
an accurately spring-tensioned leather 
sealing member to retain crankcase oil. 

On the fuel pump shaft, Caterpillar 
also uses a National 50,000 seal with 
a spring-tensioned leather sealing lip. 
On the starting engine crankshaft (rear) 
a National 20,000 series seal is used. 
This is a dual-lip seal, employing a 
*T.M, Reg. 


leather main sealing lip to retain lubri- 
cant and a springless leather auxiliary 
lip as a dust excluder. 

At other vital positions, including the 
starting engine crankshaft (front), track 
carrier rollers, the upper transmission 
shaft, gear shifter shaft and shaft hous- 
ing, modified or standard-design Na- 
tional 50,000 series leather seals are 
employed. National precision shims are 
also utilized extensively in the shovel, 
and National O-Rings are used in the 
steering clutch control and dump con- 
trol assemblies. 

National seals used in the Caterpil- 
lar No. 6 Shovel are all basic designs 
or modifications. National offers over 
2,500 standard-design seals; can also 
provide special seals for special re- 
quirements. Your National Field Ap- 
plications Engineer has complete in- 
formation. 


Sealing 
News & Tips 


National Syntech* Oil Seals are 
widely used for operation in appli- 
cations where intermittent tempera- 
tures reach 250° F, speeds reach 
3,600 FPM., and total indicator 
runout reaches .030. Basic designs 
shown here employ tough, accurately 
manufactured steel outer cases, pre- 
cision-tensioned springs and accu- 
rately molded and trimmed Syntech 
sealing lips unaffected by water, 
most lubricants, detergents or indus- 
trial fluids. 











210,000 


240,000 340,000 


“Let Your Decision be Based on Precision’”’ 


NAIENAL 


OIL & GREASE SEALS 


O-RINGS SHIMS 
e 


NATIONAL MOTOR BEARING CO., INC. 
General Offices : Redwood City, California 


Plants: Redwood City, Calif.; Downey (Los 
Angeles County), Calif.; Van Wert, Ohio 


2649 


140,000 








CHICAGO, ILL. 


CLEVELAND, OHIO . 210 Heights Rockefeller Bldg., Y Ellowstone 2-2720 
DALLAS, TEXss 
DETROIT, MICH. 


Room 4113 Field Building, F Ranklin 2-2847 


30% Highland Park Village, JUstin 8-8453 
726 Lothrop Avenue, TRinity 1-6363 
WICHITA, KANSAS 


CALL IN A NATIONAL APPLICATIONS ENGINEER 
DOwNneEY (Los Angeles Co.), CALIF. . 


MILWAUKEE, WISs. 
NEWARK, N. J. 







REpDwWoop City, CALIF. . 






11634 Patten Rd., TOpaz 2-8166 

647 West Virginia Street, BRoadway 1-3234 
Suite 814, 1180 Raymond Blvd., Mitchell 2-7586 
. Broadway and National, EMerson 6-3861 
519 South Broadway, WIchita 2-6971 
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. Everythin g You've 
~ Ever Wanted 
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From a Clutch! 
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FULL COMPLEMENT 


SPRAG 









OVER-RUNNING « BACKSTOPPING + INDEXING 






TELL US ABOUT YOUR APPLICATION 
Should it be as small as this one for a 
duplicating machine. . . 


or as large as this one for an 
oil well rig—you'll want THE 
CLUTCH THAT DELIVERS THE 
GREATEST TORQUE CAPAC- 
ITY FOR ITS SIZE AND WEIGHT 
—THAT’S FORMSPRAG. 





The infinite number of gripping 
positions available through 
sprag action makes possible 
this and other exclusive per- 
formance features like instan- 
taneous operation with no 
backlash; internal simplicity; 
long life. 


Ms 


een gy 


Age . 
FORMSPRAG COMPANY me a... 
23603 Hoover Road, Van Dyke, Mich. ; = 
Send the Formsprag Folder to: 


TT OT, pea: 


COMPANY 


ADDRESS 
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SPEED CONTROL 
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Variable Speed Transmission 
for providing infinite, accurate 
speed flexibility over a wide range 
—2:1 to 16:1. Especially adapt- 


able for heavy duty applications. 
Sizes from fractional to 37 hp. 





Vari-Speed Motor Pulley con- 
verts any constant speed motor to 
an accurate, variabie speed drive 
with 4:1 ratio. Rugged, depend- 
able—sizes to 10 hp. VARI-SPEED 
JR. available for light machinery. 


Motodrive combines motor, 
speed varying mechanism and re- 
duction gears in single, compact 
unit. Speed variations 2:1 to 6:1. 
Sizes to 25 hp. Also available in 
fractional sizes with 10:1 ratio. 


Flexi-Speed Drive is the most 
versatile, most economical vari- 
able speed drive with 8:1 speed 
range. Mounts in any position... 
drives in any direction. Availdble 
in Ya, % and 1 hp. 








REEVES PULLEY COMPANY, COLUMBUS, INDIANA 


Recognized leader in the specialized field of variable speed control. 


“2 
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*s standard equipment 
on 2750 different 
makes of machines? 


Make the machines that you design or build more 
flexible, more productive, more salable, with REEVEs 
Variable Speed Control as standard equipment. 
Reeves provides the fu// range of stepless speed ad- 
justability necessary to handle all the variations in 
speed and timing required for different materials, 
sizes, shapes, processes, operators . . . simply by the 
touch of a button or the turn of a handwheel. 
Whatever the specialized variable speed require- 
ments of your machines, the complete REEVEs line has 





the equipment you need . . . with your choice of 
manual, electric or completely automatic controls. 
The use of REEVES as standard equipment by the 
manufacturers of 2750 different machines speaks for 
REEVES accuracy and dependability. Let one of the 
REEVES engineers—strategically located throughout 
the United States and Canada—show you how one of 
the four basic units in the REEvEs line can be built 
into your equipment or installed on it. Write today 


to Dept. H98a-3N for 132-page catalog. 


REEVES 


SPEED 
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Cutting a 
60” diameter 
herringbone gear 


4} 
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Cutting a big herringbone gear like this isn't particularly difficult 
—that is, if the right equipment and experienced operators are available. 
Here at BRAD FOOTE we have a happy combination of efficient machines and capable men 
to cut any size, any type, or any quantity of herringbone gears you might need. 
@ Then comes the finishing. Your specifications may call for heat-treating, 
flame or induction hardening, or perhaps shot-peening. 
All these and other special processes are available in BRAD FOOTE’S own shops. 
We control every operation on every gear, gearmotor, transmission, 
or assembly which you order from us. No one shares our responsibility. 
@ Close attention to details, complete manvuf-cturing facilities, 
careful inspections, and strict adherence to specifications are your assurance 
of high quality in all BRAD FOOTE gears. So you can «» der with utmost confidence 
the gears you need for your own use or for resale on equipment you make for others. 


@ Next time you need gears, send us the specifications so we can quote you promptly. 


BraD Foote GEAR WORKS, INC. 


1309 South Cicero Avenue « Cicero 50, Illinois 
Bishop 2-1070 »« Olympic 2-7700 
AMERICAN GEAR & MFG. CO. + PITTSBURGH GEAR COMPANY 


subsidiaries Phone: Lemont 920 Phone: ATlantic 1-9950 
Lemont, Illinois Pittsburgh 22, Pennsylvania 
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It’s cheaper 
fo buy it... 





OLLOW parts manufacturers can save machining 
time, steel and money by using Timken® seam- 
less tubing. The center hole’s already there. 


Finish boring is often the first step in production. 
Screw machine stations can be released for other oper- 
ations. You get added machine capacity without addi- 
tional machines. 


To help you save even more steel, the Timken 
Company’s engineers will study your problem and 
recommend the most economical tube size for your 
hollow parts job — guaranteed to clean up to your 
dimensions. 








Because the piercing process by which it is made is 
basically a forging operation, Timken seamless tubing 
gives you high internal quality. It has a uniform spiral 
grain flow for greater strength and a refined grain 
structure which brings out the best in the quality of 
the metal. And the Timken Company’s rigid quality 
control keeps this quality uniform from tube to tube 
and heat to heat. 

If you make hollow parts, why not let us help you 
save machining time, steel and money? Write The 
Timken Roller Bearing Company, Steel and Tube 
Division, Canton 6, Ohio. Cable address: ‘*TIMROSCO”. 





SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS TUBING 
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You needed a plastic with high impact resistance and You needed a plastic with high impact, high heat re- 







easy flow in molding for refrigerator door liners. sistance, fast setting, and an excellent finish for moisture 
Koppers Modified Polystyrene MC-305 was developed conditioner housings. Your demand was answered with 
to solve your problem. Koppers Modified Polystyrene MC-309. 






































You needed a medium impact, high heat-resistant plas- You needed a plastic with impact resistance, toughness, 
tic with high lustre . . . for radio cabinets where break- easy moldability, economy and ability to reproduce 
age and scuffing on ejection presented a reject problem. engineering details in toys. Koppers engineers recom- 
Koppers Modified Polystyrene MC-409 had the exact mended Modified Polystyrene MC-405 to fill these re- 
characteristics to do the job. quirements. 


KOPPERS POLYSTYRENES 





Type 3 General Purpose @ Here are four success stories of Koppers Modified Polystyrenes 
Polystyrene b K Pol Fach . . . 
Type 7 Improved Heat a - ail ce) — ac is constantly growing, at your re- 
. Distortion Temperature upplication presented its own spe- quest, to meet your needs. 
ype 8 Highest Heat Distortion : * 
Temperature cial problem, and in each case a Why not contact a Koppers 
MC-185 High a, Lowest Koppers Modified Polystyrene was representative for more infor- 
Water Absorption Rate ‘ ; 
MC-301 Hich Impact, Improved created to meet these special re- = mation about the wide range of 
Heat Distortion Temp. quirements. Koppers Regular and Modified 
MC-305 High Impact, Easy Flow The best polystyrene for youis  Polystyrenes? They : ious t 
MC-309 High Impact, Highest poly ; y ysty ? They are anxious to 
Heat Distortion Temp. the one that embodies the very _help you select the exact polysty- 
MC-401 Medium Impact, iti ‘ “1: 
Senenved Meet qualities required to make your __ rene that will improve your prod- 
_— Distortion Temperature product moreserviceableandmore uct and lower your production 
C-405 Medium Impact, : . : 
for dew attractive. That’s why the family _costs. 
MC-409 Medium Impact, Highest 
Heat Distortion Temp. Koppers Plastics Make Many Products Better 


and Many Better Products Possible. 















® 
KOPPERS COMPANY, INC., Chemical Division, Dept.-MD-123, PITTSBURGH 19, PENNSYLVANIA 


SALES OFFICES: NEW YORK + BOSTON + PHILADELPHIA + ATLANTA - CHICAGO - DETROIT - LOS ANGELES 
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DESIGNING WITH ALUMINUM 





This is one of a series of information 
sheets which discuss the properties of 
aluminum and its alloys with relation to 
design. Extra or missing copies of the 
series will be supplied on request. 
Address: Advertising Department, Kaiser 
Aluminum & Chemical Sales, Inc., 1924 
Broadway, Oakland 12, California. 














STRENGTH AFTER WORKING 


RATES OF GAIN IN YIELD AND TENSILE STRENGTHS VARY FOR DIFFERENT ALLOYS 


Wroucurt ALUMINUM alloys are be- 
ing increasingly used for formed pieces, 
parts and articles where specified 
strength is a prime requirement. This 
makes more important the develop- 
ment of quantitative data concerning 
the increase in yield and tensile 
strengths that occurs during forming 
operations. 

The phenomenon of strain or work 
hardening, of course, has long been 
known. It applies to both the non-heat- 
treatable and heat-treatable aluminum 
alloys. But its influence is of major 
practical concern only in the case of 
the non-heat-treatable (sometimes 
loosely called “common”) alloys be- 
cause the final strength of a product 
formed from them is determined by 
that of the original material plus what- 
ever is added by the working of the 
metal during fabrication. 


The non-heat-treatable alloys are 
logically the first to be considered, and 
are in fact most generally used in ap- 
plications where forming requirements 
are moderate to severe. Where devel- 
opment of their fullest strength is de- 
sired, it is frequently possible to start 
with metal in an intermediate, rather 
than the annealed, temper if the re- 
quired forming is nct too severe. 


Research Tests Show 
Changes from Stretching 


Tests conducted by Kaiser Aluminum’s 
Division of Metallurgical Research 
have produced interesting and signifi- 
cant data concerning the relative in- 
increases, after varying amounts of 
stretching, in both yield and tensile 
strengths and the rate of work harden- 
ing for four of the alloys usually used 
for forming. These data may be helpful 
as a guide in both design and alloy 
selection. 


Specimen strips of .040” thick 2S, 


Fig. 1. Effects of stretching upon yield strength. 


YIELD STRENGTH, psi 


& 





4 6 
AMOUNT OF STRETCH, per cent 


Fig. 3. Rate of work hardening during stretching. 
Curves plotted from tangents to curves in Fig. 1. 

















RATE OF WORK HARDENING, psi/1% stretch 





6 w 20 


. . . he 
AMOUNT OF STRETCH, per cent 


3S, 50S and 52S sheet were first tested 
in the annealed (“O” temper) condi- 
tion, then stretched specified amounts 
in a Baldwin-Southwark testing ma- 
chine and tested again after stretching. 
The tests were made with the grain of 
the metal, and in the same direction in 
which the samples were stretched. 
The results are shown in Figs. 1 to 
4. These curves are plotted in terms of 
yield and tensile strength after stretch- 
ing, the relative percentage increase in 
yield strength for a given amount of 
stretching and the rate of work hard-., 
ening. a iy . 
Emphasis was placed on the changes 
in yield strength because of its im- 
portance as a guide to dent resistance 
in many formed products, where dent- 
ing frequently is a cause for rejection. 


The relationships between these four 
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Fig. 2. Effects of stretching upon ultimate 
strength. 


ULTIMATE TENSILE STRENGTH, psi 
oe Sees SS 


» 





4 
AMOUNT OF STRETCH, per cent 


Fig. 4. Increases in yield strength caused 
by stretching. 





6 1% 20 


INCREASE IN YIELD STRENGTH, per cent 


. = 1012 
AMOUNT OF STRETCH, per cent 


alloys as shown in the charts are of 
particular interest when they are con- 
sidered in.conjunction with cost, fabri- 
cation problems and..service require- . 
ments. For instance, it is clear why use 
of 2S, although it is the most econom- 
ical of these alloys and possesses high 
ductility, is declining except where 
there are minimum strength require- 
ments. It is evident as well that good 
strength in the finished product may be 
obtained with 52S, although its more 
rapid work hardening rate indicates 
the fabrication considerations which 
may be involved.by comparison with 
3S and 50S, whose work hardening 
rates and strengths are more moderate. 


PLEASE TURN TO NEXT PAGE a 
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DESIGNING WITH ALUMINUM Continued 











i TABLE! Comparison of Properties in Crisper Pans Drawn from .040” 3S-0 and 50S-0 Sheet 


























Ultimate Yield % Gain 
Thickness, Direction Strength, Strength, in Yield 
Alloy Location nes of Test psi psi Strength 
For 50S 
3S | Flanges 0426 | wen nn nenenes 18500 17700 
| 50S Flanges 0440 | ww nnnennnees 25600 24500 38 
| 
3S | Ends .0373 With grain 17250 16400 
50S Ends .0386 With grain 25700 22300 36 
| 
3s Ends .0346 Across grain 17950 17700 
| 50S | Ends .0352 Across grain 27080 25100 42 
3S Sides .0338 With grain 20000 19200 
50S Sides 0349 With grain 27550 26100 36 
3S Sides .0375 Across grain 17625 16750 
50S Sides | .0385 Across grain 25750 23200 38 
L . ee 











50S, 3S Performance 
in Identical Piece 


Along with the tests of specimens de- 
scribed above, tests were also made of 
production-formed pieces made from 
alloys 50S and 3S. The test specimens 
were taken both with and across the 
grain from identical refrigerator crisper 
drawers drawn from .040” sheet in 
each case. 


The results, tabulated in Table 1, 
demonstrate the advantage obtained in 
this application deriving not only from 
the higher original strength of 50S over 
3S but also from its greater percentage 
increase in yield strength for a given 
amount of stretch. This latter factor 
can be of decided advantage in strength- 
ening sections of an item which by their 
nature receive minimum working dur- 
ing fabrication. 


Depending upon the location from 
which the specimens were taken, the 
yield strength due to forming was from 
36% to 42% greater for the 50S drawer, 
a substantial gain over the increase in 
yield strength of the 3S pan. 


These tests all serve to re-emphasize 
the importance of giving careful con- 
sideration to all factors involved in 
selecting the aluminum alloy for a par- 
ticular application, as well as the ver- 
satility provided by the entire family 
of aluminum alloys. 


Many Alloys Provide 
Good Formability 


Aluminum is generally known as one 
of the most easily formed metals. An 
accurate measure of formability has 
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yet to be developed, although it is 
possible to draw general conclusions 
from an analysis of mechanical prop- 
erties. 


The spread between the tensile and 
yield strengths, and the per cent elon- 
gation provide indications of the form- 
ability of a particular alloy. In general, 
the more severe the operation, the 
greater both these measures should be. 


Elongation is a measure of ductility, 
but cannot be considered by itself as a 
criterion of formability in practice. 
Material must be stressed beyond the 
yield strength to deform plastically 
and retain the desired new shape. How- 
ever, if the forming stresses should 
exceed the tensile strength, the mate- 
rial will rupture (fracture): hence, the 
importance of the spread between the 
yield and tensile strength values. In 
this connection it is often found that a 
stronger temper of the same alloy may 
provide better formability because of 
its ability to withstand higher forming 
pressures. 


Most of the generally used wrought 
aluminum alloys possess good spreads 
and elongation in their annealed (O) 


tempers. This is true of the heat-treat- 
able alloys as well as the non-heat- 
treatable alloys. 


It is not to be overlooked, however, 
that even complicated forming can be 
and is being done regularly with the 
heat-treatable aluminum alloys, includ- 
ing those of the highest strength, after 
solution heat treatment but before 
aging to maximum strength. This is 
possible because after the quenching 
that concludes solution heat treatment 
the heat-treatable alloys remain quite 
soft for varying periods of time. Within 
a few minutes the alloying constituents 
begin to precipitate as extremely small 
particles in the solid metal, and the 
strength at room temperature begins 
to increase. Some alloys, 24S for ex- 
ample, “age” rapidly to maximum 
strength; normally, others are artifi- 
cially aged by a process termed precipi- 
tation heat treatment, which is a low- 
temperature thermal treatment. 


It is in the interim period between 
quenching and aging that much forming 
can be done. This period may be pro- 
longed by refrigerating the metal, 
which prevents or retards precipitation 
of the alloying particles. Formed parts 
are subject to a minimum of distortion 
in the low-temperature precipitation 
heat treatment that then follows. This 
general method is used extensively by 
aircraft manufacturers in stretch form- 
ing sections of considerable area. 


Technical assistance in connection 
with aluminum alloy selection and fab- 
rication techniques may be obtained 
through Kaiser Aluminum & Chemical 
Sales, Inc., 1924 Broadway, Oakland 
12, California. Copies of a product in- 
formation book on aluminum sheet and 
plate, containing comprehensive tables, 
may also be obtained on request. 








see eur coteleg in 





or write for copy 





Kaiser Aluminum 


Pet setting the pace...in growth, quality and service 
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“t= CORPORATION 


Box 431, Dayton I, Ohio © Canadian Plant at: Ste. Thérése de Blainville, Québec 
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make amgears 
YOUR gear department 


gears and gear assemblies 





Pl 
p>" je ye OE ee 


— 


transmission gears 


ecial rs an r mbli 
ont eaailies sp gears and gear assemblies 





we 


spiral bevel gears gears and gear assemblies for bevel gears for all industry 
farm implements and tractors 





gears and gear assemblies 


for tanks 


gears for power shovels 








CLEVELAND « DETROIT » CHICAGO 


ACCURATELY MADE 


GaGPSs, 

A SUBSIDIARY OF 

Sd) HUPP CORPORATION 
® 


2 BIG PLANTS /or gears and gear assemblies with a customer list that 


reads like Who’s Who in American Industry. 
CHICAGO 6633 West 65th Street, Chicago 38 DETROIT 7450 Melville, Detroit 17 
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For exam,sle—the 


AMETRON 


Electronic Scale 


Where ordinary relays won't do... 





# 34 Formex 
C.P. CLARE & CO. 


cHicaeo 


Type GAC Relay’... three of which 
are used to control steps in weight- 


printing cycle. 


Desk model AMETRON printer 
mechanism which uses CLARE GAC 
Relays to control precision step-cam 
printing system. 


the load in transit... prints exact weight on tape, 


AMETRON Electronic Crane Scale which weighs 
tickets or ledger cards... all in the crane cab. 


% Long-life dependability. 


Because weighing and transporting operations can be performed 
% Small size for compact installation. 


simultaneously, the Streeter-Amet AMETRON Electronic Scale 
permits tremendous savings in production time. 

Such savings can only be maintained, however, because all 
the components of this highly specialized device can be counted 
on for sustained accuracy under heavy-duty operating condi- 
tions . . . with minimum maintenance requirements. 

Ordinary relays would not meet such rugged operating con- 


Clare Relays have been the choice of Streeter-Amet engineers 
for many years in every type of-electronic weighing device. If 
you manufacture a precise, quality product . . . one which calls 
for utmost relay performance . . . it will pay you to investigate 
Clare Relays. Sales engineers, fully experienced in every type 


ditions. Clare Relays were selected by Streeter-Amet engineers 
because of: 


% Sustained accuracy of operation under difficult 
operating conditions. 


% Ability to withstand wide variations in 
temperature range. 


FIRST IN THE 
INDUSTRIAL FIELD 


of relay problem, are located in principal cities for consultation. 
Call them . . . or write C. P. Clare & Co., 4719 West Sunnyside 
Avenue, Chicago 30, Illinois. In Canada: Canadian Line 
Materials Ltd., Toronto 13. Cable address: CLARELay. 


CLARE RELAYS. 





(/¥IT INTO THIS PICTURE? 


Metal stampings have been the specialty of G. P. & F. for over 73 years. 
The illustrations above show just a few typical examples of contract parts 
we make for hundreds of customers. If you use deep drawn or stamped 
metal parts in your products, the chances are good that we have the facilities 
to meet your requirements. When you think of G. P. & F., think of over 
1000 skilled people...15 acres of production facilities...293 deep 
draw and stamping presses...97 welding machines ...and a complete 
tool and die department. 


Stamping @® Drawing ® Forming 
4 Galvanizing © Welding 
Lead Coating © Spray Finishing 
+) @: O Vitreous Enameling @ Fiberglas 


GEUDER, PAESCHKE & FREY CO., 1636 W. St. Paul Ave., Milwaukee 1, Wis. 
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THREE DURABLE FIN CALROD UNITS furnish heat for this Lintern air conditioner 
mounted in a crane cab at the National Tube Division plant of U. S. Steel, Lorain, Ohio. 


Three G-E Fin Calrod” heaters 
outperform 6 ordinary heaters 


Lintern Corporation cuts bulk, adds durability 


to steel-mill crane cab air conditioners 


Three G-E fin Calrod heaters provide 
the same heat as the six heaters for- 
merly used in air conditioners manu- 
factured by the Lintern Corporation, 
Painesville, Ohio. Not only is weight 
saved and size reduced, but durability 
of General Electric fin Calrod units 
has led to reduced maintenance ex- 
pense for Lintern customers. 

Mr. James Lintern, the firm’s vice- 
president, reports that the fin Calrod 
heater’s oxidation- and rust-resistant 
finish withstands the corrosive steel- 
mill atmospheres, thereby reducing 
replacement expense. The fins are 
securely brazed to the heater to pro- 
vide efficient heat transfer and to 
minimize vibration when the unit is 
subjected to high-velocity air. 


Compact size, versatility, and ease 
of installation are added reasons for 
Lintern’s use of G-E heaters. These 
heaters can be formed into a variety of 
shapes, making possible application to 
small or odd-sized areas. 

The Lintern Corporation is one of 
the many companies that have found 
Calrod heaters result in better products 
at lower cost. To make sure you have 
the best in fast, clean, economical heat, 
contact your nearest G-E Apparatus 
Sales Office for the services of a Heat- 
ing Specialist. His knowledge of the 
applications of electric heat to indus- 
trial products is your answer to im- 
proved product performance. For more 
information on G-E heaters mail the 
coupon at right. 

*Reg. Trade-mark of General Electric Company 


Ot Cle feel your conflitence Mn — 


GENERAL @@ ELECTRIC 


INSTALLATION IS EASY with the compact 
unit formed by two fin Calrod heaters used in 
this one-ton Lintern air conditioner. 












HEAT TRANSFER IS EFFICIENT because the 
fins multiply one inch of heater into 10.3 
square inches of radiating surface. 


--—-—--—-—— -—-----5 





Section B 720-121 

General Electric Company 

Schenectady 5, N. Y. 

Please send me bulletins | have checked: 

( For immediate project 

00 For reference 

(0 GEA-5886, Calrod Heaters for Machinery 
Manufacturers 


(C0 GEC-1005, Complete Catalog of G-E Heaters 
and Devices 

Name 

Company. 

Address 

City 


et 


Bs ie 


this timekeeper never takes ee.) 


o 


SO RRR ets 26 neh ROTEL (eH, SOR Se 


TIMING 


—_ 
Indicates most effici- 
ent time to replace 

fluorescent lamps. 

RUNNING TIME METERS 


. record total operating time or down- ' 

time on any circuit, machine or system. 

Widely used for life test experimentation ee. ne ~~ 4% 
in laboratories and for preventive main- 3 = — 
tenance programs, especially as applied 

to such things as machines, power equip- 

ment, tools, vacuum tubes, fluorescent id Sesesta Gentine 
lamp installations, nuclear measurements, f oe “a ol. ge sasseed 
etc. Made in six standard 25, 50, and 60 - 

cycle A.C. models — 400 cy., D.C. and 

sealed type also available. Write for 


» information. 


OUTSTANDING FEATURES: IW 
@ Extra strength Cramer 


Synchronous Motor permits 

operation under adverse environ- 

mental conditions. 
@ Starts and stops within 1/60 sec. 

. no time lag. 

@ Convenient meter-type mounting. 
@ Precision-built 5-digit counter. FRG Lo maintenance on port. 
@ Reset feature if desired. S| ei _ eee 


TICRS3 


R. W. CRAMER COMPANY @ BOX 6 CENTERBROOK, CONN. 
+ e's’) 2s? Se S..LULU ee T tM €E Cc ON TR OL 


Interval Hermetically Seaied Synchronous 
Timers Military Timers Timing Motors 


120 MACHINE DESIGN—December 1953 































Designed to 
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Constant speed Vari-Pitch motion 


Texrope V-belt drive control drive 








Open, drip-proof Totally-enclosed, fan-cooled Open, drip-proof, face-mounted 
squirrel cage motor squirrel cage motor vertical squirrel cage motor 











Combination 


Across-the-line manual starter starter Reduced voltage starter 








ALLIS-CHALMERS 


” 


, 








Work Together 


Texrope Drives 





































Texrope V-belt drives, the original multiple V-belt 
drive, are available in a complete range o pe and 
types, both fixed and variable speed. More and more 
designers are finding that the moderate cost of Vari- 
Pitch sheaves is returned many times in increased 
machine versatility and more precise quality control. 
With either Stationary Control or Motion Control 
V ari-Pitch sheaves, speeds can be accurately adjusted 
’ quickly and easily over a wide range. 


Texrope and Vari-Pitch are Allis-Chalmers trademarks. 


—+ ee ee ee ee ee ee ee 


Allis-Chalmers general purpose, special purpose and 
special design motors meet almost every designer's 
needs for motors from ¥2 hp up. Types include 
squirrel cage, wound rotor and dc for single or multi- 
speed operation. Available with a full range of torque 
characteristics and a wide option of enclosures and 
mounting methods. Special designs to meet any re- 
quirement. Shown at the right is a drilling machine 
equipped with a totally-enclosed, fan-cooled Allis- 
Chalmers motor. Reduced maintenance of the dirt- 
excluding fin-type design is making it very popular 
for machine tool applications. 





Se 


Allis-Chalmers motor control is available for most 
designers’ applications from size 0 up. Allis-Chalmers 
builds many types of squirrel cage and wound rotor 
motor control, dc motor control, and variable speed 
control for many applications. Shown here is a full 
voltage across-the-line starter with reset button. 








Everything 
AC from Power Line 


em to Driven Shaft 












Nation 
Wide 
































Service 


_ CUSTOMERS will have no trouble get- 
ting competent service on your products 


when you use Allis-Chalmers motors, control 
and drives. There are nearly 100 Allis-Chalmers 
Certified Service Shops located in every indus- 
trial area in the country. 

Allis-Chalmers Certified Service Shops are 
hand-picked independent units which have been 
































chosen for their modern equipment, efficient 
methods, wide experience and business integrity. 
These Certified Service Shops assure your cus- 
tomers of factory-approved parts and service 
methods on Allis-Chalmers drive equipment. If 
you use special motors, the factory makes avail- 
able to all Certified Service Shops the necessary 
information to assure a good service job. 
















ALLIS-CHALMERS <Ac 





Milwaukee 1, Wisconsin 


SEND THIS COUPON TODAY 


Allis-Chalmers Manufacturing Company 
Box 512 
Milwaukee 1, Wisconsin 





A-4207 





Please send me the literature for designers checked below. 


Control 


Handy Guide to Starters 14B7733 
Reduced-voltage Starters 14B7215 


Texrope Drives 

(| Handy Guide to Texrope 
Drives 20B6051 

. | Vari-Pitch Drive Engi- 
neering Data 20B7499 


Motors 


Handy Guide to Motor 
Selection 51B6052 


Squirrel Cage Motors 51B6210 









How fo Design 
for Customer Satisfaction 














































. ones be The people who buy your products may look for 
| +4 + many things such as efficiency, long life and eye 
appeal. Specifying Stainless for tubular parts may 
give them what they want. 


: eae But specifying Carpenter Stainless gives them more 
of it—and makes your production men happier, too. 
Helps step up your plant efficiency and profits. 




















Here’s why. Carpenter Stainless is different... 
has many “extras” in working properties, corrosion 
resistance, tolerances, finishes... and we'd like to 
prove it to you. 








One way we can do so is to ask you to call your 
nearest Carpenter distributor for documentary 
evidence. But you'll get quicker and more con- 
clusive proof if you place your next tubing order 
with him. You'll discover that there is a difference 
in Stainless Tubing—and Carpenter makes it. 










The Carpenter Steel Company, Alloy Tube Division, Union, N.J. 
Export Dept.: The Carpenter Steel Co., Port Washington, N.Y. 
“CARSTEELCO” 





a 








- guaranteed on every shipment 
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the Adjustable V-Belt 


GIVES UNLIMITED SCOPE 
TO THE DESIGNER 
OF V-BELT DRIVES 

























ADJUSTABLE TO ANY LENGTH... 


The machinery designer who specifies 
Veelos knows that his drive layouts, 
however complex, are always practical. 
That’s because Veelos, the adjustable 
v-belt, is completely adaptable. 


@ Fixed center drives of any length can be 
used without the need of take-up devices. 


@ Motors can be placed in the most advan- 
tageous location. 


@ Idlers and pivoted or sliding motor 
bases are unnecessary. 


@ Belts can be installed quickly without 
dismantling any part of the machine— 
outboard bearings are practical. 


@ Correct individual belt tension can be 
maintained to give full, vibrationless 
power delivery. 


Use Veelos, the adjustable v-belt, for 
unlimited freedom in designing v-belt 
drives. Veelos is made in all standard 
widths: 00, 0, A, B, C, D and E, double 
V in O, A and B. Available in three types: 
regular, oil-proof and static conducting. 


Write for your copy of the fact-full VEELOS 
DATA BOOK ... it’s yours for the asking! 


MANHEIM MANUFACTURING & BELTING COMPANY 
606 MANBEL STREET 
MANHEIM, PENNSYLVANIA 


Veelos is packaged on reels in 100-foot lengths. Sales engi- 
neers ir principal cities; over 350 distributors throughout the 
country. Veelos is known as VEELINK outside the United States. 

























ADAPTABLE TO ANY DRIVE 
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The forty ton Press Platen above, and the parts and assem- 
blies illustrated at the left, are typical of thousands of Steel- 
Weld Fabricated units produced and machined by Mahon 
for hundreds of manufacturers of heavy machines and other 
mechanical equipment. If parts of your product could be re- 
designed and produced to better advantage through Steel- 
Weld Fabrication, or, if you require a limited number of 
large heavy pieces in which pattern costs are a considera- 
tion, you can turn to The R. C. Mahon Company with complete 
confidence . . . personnel and facilities are available 
within the Mahon plant to do the complete job from drawing 
board to finished machining. You will find in the Mahon 
organization a unique source with complete ultramodern 
fabricating, machining and handling facilities to cope with 
any type of work regardless of size or weight . . . a source 
where skillful designing and advanced fabricating technique 
are supplemented by craftsmanship which assures a 
smoother, finer appearing job embodying every advan- 
tage of Steel-Weld Fabrication. See Mahon’s Insert in 
Sweet's Product Design File, or write for further information. 


THE R. C. MAHON COMPANY 


DETROIT 34, MICHIGAN 









yesterdays 
experience is 
todays knowledge 









METAL 
POWDER 
PARTS BY 
MORAINE 
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‘ / 


























While we've had a large amount of experience (over 
a quarter century) in making billions of metal powder 
parts, there seems to be no limit to our learning. 
Always there is something new to learn, something 
valuable to add to our already vast store of knowl- 
edge on the subject of powder metallurgy. 


We find new ways to improve the physical properties 
of our metal powder parts; we see a constant broaden- 
ing in the range of materials we can offer our cus- 
tomers; and the number of applications for our metal 


powder parts grows with our knowledge. 


We're proud of the position we've reached in the 
field of powder metallurgy . .. but no prouder than we 
are of the way our products are able to serve in- 
dustry by improving performance while cutting costs. 


moraine 
products 


DIVISION OF GENERAL MOTORS CORPORATION, DAYTON, OHIO 
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Better Products 











Thru Better Design 





how MICRO sawitehos 
any MICRO field engineering. adruiee 





ARELY in recent years has the demand upon designers 
for better products been more pressing. Indications mul- 
tiply that the long-expected “‘buyer’s market” is now with us. 


For the first time in many years it is not enough to have a 
product to sell. “‘How soon can I get delivery?” has been re- 
placed with such inquiries as “Just what will it do?,” ““How long 
will it last?” and the all-important “How much dees it cost?” 


As manufacturers and their design and sales staffs prepare for 
this new competitive market, the pressure is on design and 
development engineers to re-evaluate every part, every com- 
ponent and every product to improve its performance, in- 
crease its life and, perhaps, to reduce its cost. 


If your organization is seeking ways to improve its position 
in the competitive field, MICRO has a message for you. This 
is particularly true if a more efficiently designed product is 
indicated. Or, perhaps, you wish it to do things that other 
similar products won't do. 


Nothing so stamps a product as being of high quality as 
absolute reliability. To the manufacturer it means the enhance- 
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ment of his good name. To the dealer it means freedom from 
maintenance and costly warranty replacements. To the cus- 
tomer it means !ong and satisfactory performance. 


To this search for increased reliability MICRO brings a small, 
precision switch for those designs where less accurate switches 
won't do. This is because MICRO switches are so well and 
precisely built and have such uniform quality of operation 


wmeiaal, once installed, their accurate performance is so routine 


that thctt«resence is almost forgotten. 


A switch to control the thermostat in a refrigerator or an air 
conditioning unit, for instance, must always operate within 
exceedingly close differential control. Even a slight drift can- 
not be tolerated. 


A switch in a household appliance, which turns on the water 
to operate a motor, must turn on the water at exactly the 
same water pressure each time. Too little water pressure and 
the motor starts too soon . . . too much and water splashes over. 


A switch in a business machine is required to stop the 
machine if ever: the thickness of an extra sheet of tissue 
paper passes beneath the switch actuator. 


These are some of the contributions MICRO switches have 
made to absolute reliability in the design of better products. 
MICRO field engineering is available to assist you in the 
selection of the switch that will enable your product to do 
things other products won't do. 


MICRO 


MAKERS OF PRECISION SWITCHES 











ene, 
FREEPORT, ILLINGIS H 
pe 
A DIVISION OF “———— 
MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 
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It’s a fact! In 90% of all cars, trucks, and buses on 
the highways today, the master cylinder brake piston 
is a Permite Aluminum Alloy Casting, made by the 
permanent mold process by Aluminum Industries, Inc. 


Yes, for the one vital part that must not fail, automo- 
tive manufacturers turn to Permite, because ever since 
the early pioneering days of the use of aluminum, 
Permite Aluminum Castings have enjoyed a reputation 
for highest quality. 


ALUMINUM INDUSTRIES, INC. ° 


Detroit: 809 New Center Bldg. * New York: 9 Rockefeller Plaza 


Component parts made of Permite Aluminum Castings, 
permanent mold and sand cast, are contributing to 
faster machining, speedier production, lower costs in all 
divisions of the metalworking industry. If you want 
castings of assured structural strength, accurate in 
design and dimension, free of hidden defects, castings 
that will sharply reduce your reject rate, consult with 
Permite engiueers on your requirements. Send blue 
prints for recommendations and quotations. 


CINCINNATI 25, OHIO 
Chicago: 64 E. Jackson Bivd 


Ti Aluminum Castings 


ALUMINUM PERMANENT MOLD and SAND CASTINGS ... HARDENED, GROUND and FORGED STEEL PARTS 
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Half mile of 





welds OK'D by 
rigid X-ray tests 
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LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 E. 42nd St., New York 17, N.Y. U3 Offices in Principal Cities 
In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 


“*Heliarc”’ and “Linde” are registered trade-marks of Union Carbide and Carbon Corporation. 





















A midwest manufacturer was faced with the problem of getting 
X-ray quality welds in aluminum vessels. These welds were subject 
to pressure and had to be entirely free from porosity and oxide 
inclusions. After thoroughly investigating customer specifications, 
LinpDe’s service engineers recommended HE arc inert gas shielded 
welding for the job. 

Since then, about a half mile of these Hetiarc welds have been 
OK’d by 100% X-ray inspections. According to company officials, 
HeEiarc welding was “perfect for the job” and meant real savings by 
getting X-ray quality welds the first time without expensive rejections 
or repairs. 

Whether you weld aluminum or other hard-to-weld metals, you, 
too, will find that fast, clean, HEL1arc welding will save you time and 
production costs. HELIARC welding takes place under a shield ot inert 
argon gas which eliminates the need for flux. As a result, HELIARC 
welds are free from porosity and oxide inclusions. This means fewer 
rejects and lower finishing costs. In fact, spatter-free HELIARC welds 
in many cases can be left “as welded.” 

You owe it to yourself and to your Company to find out more about 
the cost saving benefits of HELiarc welding. Call your local LinpE 
representative today. He will be glad to furnish you with detailed 
information on HELIARC welding. 


LEFT Welding heavy aluminum 
sections with Heviarc HW-10 torch. 
These welds were strong, dense, and re- 
quired little finishing. BELOW The 
300 amp. Hewtarc torch has all-internal 
water-cooling of both torch head and 
power cable for cool, long-lasting oper- 
ation. The HW -10 also features quick 
electrode adjustment. 
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=v\eroquip 


SLIDE-SEAL COUPLINGS 


This Aeroquip development saves you time and money! SIMPLE DESIGN . . . Only four working parts and 
LOW COST .. . Aeroquip Slide-Seal Couplings con- two “O” rings assure positive performance and 
nect and disconnect fluid-carrying lines instantly foolproof operation. 

assuring full flow of fluids when connected, and ADAPTABLE for use with many fluids including 
perfect seal of each half when disconnected. hydraulic fluids, hot oil, crude and fuel oils, anti- 
LIGHTWEIGHT AND COMPACT . . . They are ideal for freeze solutions, gasoline, Diesel fuels, air, water, 


use in confined areas and may be used to advan- and other fluids. 
tage in a wide variety of applications. Descriptive literature is available . . . please write. 


AEROQUIP CORPORATION, JACKSON, MICHIGAN 


SALES OFFICES: Burbank, Calif. « Dayton, Ohio « Hagerstown, Md. « High Point, IN CANADA: Prenco Progress and Engineering Corporation Ltd., Toronto 
N. C. ¢ Miami Springs, Fla. e Minneapolis, Minn.  Portiand, Ore. e Wichita, Kan. IN ENGLAND: Super Oil Seals & Gaskets, Ltd., Birmingham 
AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. AND ABROAD 
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ABOUT MORSE ROLLER CHAINS 


You gain design flexibility, hold power-transmission 
component costs to a minimum, add new operating 
stamina to your products when Morse Roller Chains 
and Sprockets are at work for you. 


DESIGN, ECONOMY FACTORS 


Morse Roller Chains transmit power positively with 
less than 1% friction loss. They operate with maxi- 
mum efficiency on long or short centers, mesh with 
sprockets on either side of chain to drive multiple- 
sprocket hookup. 


Morse Roller Chains bring about major production 
economies in your plant. They run efficiently and 
well despite shaft end play, unparallel shafts. They 
permit increased drive center-distance tolerances. 
And because of Morse precision mass production 
methods, the complete drives come to you pro- 
duced under the most economical conditions com- 
petitively priced. 


STAMINA FACTORS 


Morse Roller Chains will help you build even 
greater stamina into your machines, help you reduce 
downtime and maintenance problems for your cus- 
tomers. Here are a few reasons why: 

PINS. Heat-treated special high-nickel, fine-grain 
tiloy steel pins have hard case for wear resistance, 





M-PT 


MORSE 
Head 


——— 


POWER 
TRANSMISSION | 



















PRODUCT 


LIFE 













tough inner core for high strength. Finish ground 
to close limits. 


2. PIN LINKS. In Morse Roller Chains, heavy 
press fit holds pins immobile in pin link plates. 
Accuracy of assembly and close finish tolerance of 

n and plate components assures proper clearances 
hee pins and bushings for penetration by 
lubricant. 


3. BUSHINGS. Morse bushings are case hardened 
and curled for maximum wear. Smooth inner bearing 
surfaces and true roundness help eliminate pin 
scoring, increase joint life, reduce Sennen. 


4. ROLLERS. Rollers are shot-peened for maxi- 
mum wear and resistance to shock. Rollers are 
processed from special alloy steel. Close-tolerance 
apenas provide even load distribution. 


». LINK PLATES. Morse link plates are specially 
treated to obtain maximum structural strength and 
endurance qualities necessary in highly stressed 
tension parts. Holes are accurately anledd sized. 


Morse Roller Chains, with corres nding | sprockets 
in Types A, B, and C available Seach %%” pitch to 
24" pitch. b for Catalog C51-50, or for details 
on any lication you have in mind. MORSE 
CHAIN cb PANY «+ Dept. 566 + 7601 Central 
Avenue ¢ Detroit 10, Michigan. 


‘ee 











MECHANICAL 


POWER T 
PRODUCTS 








MACHINE DESIGN—December 1953 









Your wet clutch may need 


a custom-compounded facing 


A well-designed clutch may lose a lot of its inherent per- 
formance if the torque-engagement characteristics of its 
facing don’t precisely fit its mechanical characteristics. That's 
why your wet clutch may need a facing material that’s com- 
pounded to supply a particular combination of properties. 

Of course, one of Armstrong’s many standard friction ma- 
terials may be exactly what you need. But if you need some- 
thing special, Armstrong can supply it with a minimum of 
time and effort on your part. 

You merely give us the pertinent data on your clutch 
design—which you can do easily on one of our Clutch Data 
Sheets. Then we will give vou a selection of facings that 
seem most suitable, either in cork or combinations of cork 
and rubber, or cork and fiber. 

If your field tests show that none of these materials gives 
you the performance you're looking for, and very often one 
will, then your test data can be used by Armstrong com- 
pounders either to modify an existing compound or create 
an entirely new one. Here’s how they do it. 

All Armstrong's Friction Materials are performance-tested 
under standard, controlled conditions on special, Armstrong- 


ARMSTRONG’S FRICTION MATERIALS 


built test equipment. Your test data on the most promising 
of the facings are compared with the laboratory data on 
that same material. This comparison shows how it may need 
to be modified or which other Armstrong material may al- 
ready offer the properties you need. 

If a compound modification or a new compound is called 
for, Armstrong compounders ordinarily can come up with 
it quickly because their studies already have established 
what the effects are of many variations in formulation or 
operating condition. This has a double advantage for you. 
You can get a suitable facing with a minimum of experi- 
mental time and expense. You also have assurance that the 
material you select will do the best possible job in your 
particular clutch. 

If you're working on a new clutch design now, or would 
like to improve the performance of an existing unit, write 
for a copy of our Clutch Facing Data Sheet. We'll be glad 
to study the data you submit, suggest suitable materials, 
and supply samples for experimental use. Write , 
Armstrong Cork. Company, Industrial Division, 

7212 Dean Street, Lancaster, Pennsylvania. 
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Rotating Wheel Recovers Heat Lost Through Ventilation 


Operating on a new heat recovery method (heat regeneration), a new 
device is said to retain up to 96 per cent of heat generally lost through 
exhaust ventilation. Permitting almost complete transfer of temperatures 
between exhaust and fresh make-up air, the Therm-O-Wheel consists of 
a slowly revolving wheel containing metallic wool. Exhaust air is blown 
through the upper half of the rotating wheel, while incoming fresh air 
is blown through the lower half. Heat picked up by the metal wool in 
the exhaust air is thus transferred to incoming air. The wheel is said to 
operate efficiently at almost any temperature differential. 


Apricot Pits, Corncobs and Dry Ice 


More than 80,000 apricots a month give up their pits to smooth plastic 
parts for insulating components at the Square D Co. The pits, pulverized 
to the consistency of bird seed, provide a relatively soft material for “sand- 
blasting” rough edges of plastic parts. Apricot pits are not the only un- 
usual medium so used; walnut shells, maize and ground-up corn cobs are 
used for soft metals and plastic; carbon is blasted out of engine cylinders 
with rice; and pulverized dry ice is used to deflash rubber parts. 


New Naval Acoustic. Laboratory Studies Underwater Sound 


Underwater sound-pickup devices will be studied at a new floating labora- 
tory on a Patuxent River reservoir north of the Capitol. Frequencies 
ranging from subaudio to high ultrasonic can be used, and sound projectors, 
hydrophones and transducers will be tested. Testing is performed from 
a covered barge with an enclosed well through which experimental de- 
vices can be lowered to the bottom of the reservoir. 


Nylon Fuel Cells Replace Integral Aircraft Wing Tanks 


Fuel cells in a Lockheed Lodestar owned by Goodyear Tire and Rubber Co. 
will be made of nylon. Installed by AiResearch Aviation Service Co., the 
fuel cells will replace an integral tank system in which fuel is contained 
by the skin and cross-members of the wings, thus eliminating the need 
for periodic resealing along joints. 


"Pocket-Size" X-Ray Sources Developed 


Self-contained X-ray sources, varying in size from pellets to larger blocks 
or sheets, may soon be a commercial reality. Radiation emitted is essen- 
tially the same as that emitted by bulky X-ray equipment, but of lower 
intensity. The source, which operates on what is known as the Bremsstrah- 
lung principle, consists of a radioactive material surrounded by a layer 
of heavy metal. Unlike ordinary radioisotopes, the source produces only 
desirable X-rays, and the device can be designed to remain active for 
almost any time period desired. 


Indexing System Permits Significant Time and Space Savings 


Saving up to 90 per cent in present catalog space and up to 75 per cent 
in cataloging time, a new indexing system developed by the Armed Serv- 
ices Technical Information Agency is said to be a significant step in in- 
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Ball Bearing 


Type PB 
Pressed Steel 
Pillow Block 


The new Type PB Series Pillow Block is developed 
to fill a specific need for a high-quality, precision ball 
bearing unit at the lowest possible cost. It is made for 
light duty applications where a low-cost “packaged” 
unit offers definite manufacturing and servicing 
advantages... on agricultural equipment, conveyors, 
light-duty fans and similar types of machinery involv- 
ing the transmission of power. 


The Type PB Series Pillow Block opens up new 
opportunities to add extra product sales features and 
to lower maintenance costs . .. another example of the 
Fafnir ‘‘attitude and aptitude”. Send for new, 
descriptive bulletin. The Fafnir Bearing Company, 
New Britain, Conn, 


~ 
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ANOTHER NEW FAFNIR... 





OUTSTANDING FEATURES 


© Low Cost 


Precision Ball Bearing... Fafnir Wide Inner 
Ring Bearing* with Self-locking Collar 
and efficient Plya-Seals. 


Two-piece separable pressed-steel housing. 


Self-aligning . . . unrestricted in 
all directions at assembly. 


Occupies less space than other 
pillow blocks. 


Light weight . . . combined with 
ample strength. 


Only two bolt holes required in assembly. 


Ample capacity for radial, thrust or 
combined loads. 


Pre-lubricated with long-life grease. 


Available for shaft sizes 
Yo" to 1%” inclusive. 


*Easiest bearing of all to install. Counter- 
bored, eccentric, mated cam construction of 
collar and inner ring assures positive locking 
action without set screws, lock nuts or adapters. 
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formation storage and retrieval by machine methods. In conventional 
catalogs or indexes, information on aircooled aircraft guns would require 
six entries to be complete: (1) aircraft guns, aircooled, (2) guns, air- 
craft-aircooled, (3) aircooled guns, aircraft, (4) guns, aircooled, aircraft, 
(5) aireraft-aircooled guns, and (6) aircooled-aircraft guns. With the 
Uniterm System of Co-ordinate Indexing, three cards would be used; all 
information on “guns” would be recorded on one and, similarly, informa- 
tion for “aircraft” and “aircooled” on the others. Numbers (used to iden- 
tify references) common to all three cards would indicate information on 
aircooled aircraft guns, with complete assurance that all references on 
the subject had been located. 


Artificial Eyes—Made with Magnets 


An unusual use for permanent magnets is in an artificial eye developed 
recently by a New York doctor. As reported by Indiana Steel Products 
Co., an Alnico magnet is imbedded in an implant which is connected to 
the muscles which move the eye. The implant must then be covered with 
layers of tissue and completely buried. A custom-fitted plastic artificial 
eye, essentially a curved shell with a very thin Alnico magnet, is made. 
The natural and artificial eyes can then move in unison, due to the at- 
traction between the magnets. 


Electromagnetic Pumps Used for Automatic Ladling 


A successful application of electromagnetic pumps, in which molten metal 
is pumped by magnetic force only, is permanent-mold casting of auto- 
motive pistons. A moving line of molds is fed from an orifice which can 
discharge from '% to 5 pounds of aluminum alloy per second depending 
on orifice size. A silicon-carbide tube concentrates the circulating forces 
which lift and discharge the metal through the orifice; a resistance heater 
close to the nozzle prevents freezing. With automatic cycle control by 
means of a photoelectric cell, pistons can be cast at a rate of 2000 per 
81% hour ‘shift. 


First Objects to be Chrome-Plated—Doorknobs 


A pair of ordinary doorknobs at Columbia University were “retired’’ re- 
cently when it was discovered that they were the first objects ever chrome- 
plated by a successful commercial process. At the death of Dr. Colin G. 
Fink, inventor of the process, search was instituted last month for me- 
mentoes of his early work. The doorknobs, which were plated on April 3, 
1924, were located on the doors of one of the University’s rooms and 
will be retired to the Chandler Chemical Museum. 


Electronic Device Speeds Up Inventory Control 





A new electronic device, called “Speed Tally” by its builder, Remington 
Rand Inc., is expected to revolutionize inventory control. The latest mathe- 
matical wizard, as developed for a Chicago business, maintains running 
tallies of inventory items in over 13,000 classifications. Ten keyboard 
devices that look like adding machines provide the input. To enter an 
item, the quantity and a code number is punched. Each catalog number 
is assigned a location on a magnetic memory storage drum; when a code 
figure is punched the “address” of the classification is located and the 
existing total is picked off the drum, added to the input, and the total re- 
turned to the drum. The entire operation requires approximately 0.4- 
second, and scanning of all keyboards requires less than 5 seconds. 
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Copper ‘package’ for the coldest 


This container for storing and transport- 
ing liquefied helium (—452 F.) or hydro- 
gen (—421F.) is made by Superior Air 
Products Co. of Newark, N. J. The secret 
of keeping heat out to reduce evaporation 
is four concentric copper spheres sepa- 
rated by a high-vacuum space, a nitrogen 
protecting bath, and a_ second high- 
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vacuum space — the entire unit enclosed 
in a stainless steel casing. Copper con- 
tributes ductility and malleability for 
spinning into hemispheres, unexcelled sol- 
dering properties for joining into spheres, 
and a mirror finish to reduce radiation 
losses. Need we tell you that it’s made of 
ANACONDA Copper? 


This ‘iron horse’ runs on brass 


The “High Iron” we're referring to is the 
HOBBYLINE HO-GAGE model railroad track 
which John A. English & Co. of Morris- 
ville. Pa., makes of FORMBRITE** strip. 
This fine-grain, yet ductile forming brass 


produces a track so strong and stiff it will 
support an adult’s weight. In products 
where finishing costs courit;-users find that 
FORMBR:TE usually needs’ only a color 
buff to produce a high finish. 


Flexible conduit enjoys a splash in a bath 


The real trick is to make an electrical con- 
duit that’s flexible and liquid-tight and 
approved by Underwriters’ Laboratories 
for such applications. sEALTITE* Type UA 
does all three. Made wiih a tough syn- 


thetic jacket extruded over a flexible steel 
core, it’s shown here protecting wiring to 
motor in an auto laundry. It ignores not 
only splashing, but also oil and grease, 
and resists abrasion. Want more facts? 


We put an end to ‘the bends” 


We don’t mean the kind deep-sea divers 
suffer from, but the kind heating con- 
tractors had to put up with when they 
installed radiant panel heating systems. 
Heretofore, many contractors formed the 
panel grids on the job by hand-bending 


them from coils of tubing—a time-consum- 


A service for you 


Our Technical Department has a range of experience that covers the entire field of copper and copper-alloy applications in 
industry. If you have a problem of metal selection, we are at your service. The American Brass Company, Waterbury 20, 


ing, laborious, back-breaking job. Now 
PG’s** have ended all that. They are the 
new, compactly packaged, accurately pre- 
formed ANaconpA Copper Tube Panel 
Grids . . . from the handy carton to instal- 
lation is only a matter of minutes. PG’s are 
another ANACONDA first. 


a 


— 
Caw 
SS 


Conn. In Canada: Anaconda American Brass Ltd., New Toronto, Ont. 


ANACONDA’ the name to remember in COPPER — BRASS — BRONZE | 
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**Reg, U.S. Pat. Off. 
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HOME DOWN 
VISITORS YDS.10 GO 


Photo Courtesy 
NEVCO SCOREBOARD CO. 


GUARDIAN. 


STEPPING 
RELAYS 


tell the score! 















As thousands of football fans watch the speed and drive of their favorite 
teams up and down the gridiron—Guardian Stepping Relays are there, 
too, operating the big electric scoreboard. At the touch of a button, the 
special Guardian Stepper (illustrated) lites up changing scores, downs, 
yards to go and the quarter being played. Guardian Stepper Applica- 
tions also include control of animated signs and displays—intricate 
timing devices—automatic elevators—automatic business machines— 
automatic circuit selections from a pulsing dial—automatic wave chang- 
ing on short wave transmitters—plus an endless variety of “‘special”’ 
operations. 


Standard Guardian Steppers include the series M. E. R. (Midget Elec- 
trical Reset); the series M. A. S. (Add and Subtract); the heavy duty 
series M 120 (Automatic Sequence); and the famous series “‘R”’, among 
others. If your application requires a step .er—contactor—switch— 
solenoid—or a popular relay such as the Guardian Series 595-P shown 
here—singly or in complete control combinations—send your b/p speci- 





fications for specific cost free recommendations. SERIES 595-P RELAY 
1601-P W. WALNUT STREET CHICAGO 12, ILLINOIS 





A COMPLETE LIME OF RELAYS SERVING AMERICAN InDUSTRY 
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Meoyno designed for pumping 
ethylene glycol, condensate 
from avitomatic driers, hot and 
cold water in dishwashers. 


_— ™ 

General purpose Meyno for 
pumping oils, water, alcohols 
ond causiics. 


than 100 p.s.i.g. 






by - 
“ 


Bronze and stainless steel 
Moyno as used in a drink dis- 
penser. Pumps water at more 





Here's a compact version of a 
low head, small displacement 
Moyno for accurate pumping of 
small amounis. 


Versions of this compact Moyno 
ore applicable as coolant 
pumps, shallow well pumps 
and booster pumps. 





Economical Mono for the ap- 
pliance field, designed for use 
under flooded head. 


ant <a mate Saeed aber - a 


BEFORE YOU “FREEZE” YOUR PRODUCT DESIGNS... 


nad these FACTS about MOINO PUMPS! 


One of these characteristics may 
improve YOUR product ! 


Versatile—Pumps liquids, pastes, 
abrasive-laden slurries. Adaptable 
to heavy industrial machinery or 
small drink dispensers, oil burners, 
dishwashers, sprayers, coolant 
pumps, etc. 

Positive Displacement— Moynos are 
available to pull up to 29” of 
vacuum while discharging under 
pressure. Big Moynos can deliver 
up to 250 gpm. Pressures to 600 
psi obtainable. Provide control- 
lable, non-pulsating flow for meter- 
ing purposes, in either direction! 
Gentle—No churning, foaming; 
won’t break up semi-solids. One 
Moyno is pumping potato salad! 
Trouble-Free—Self-priming; won’t 
cavitate or vapor-lock. Just one 
moving part-—no valves to stick, 
no pistons to gum up. Low starting 
and running torque. 
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What you see here are seven variations 
of a completely different concept of 
pump design ...the ReM ‘Moyno”’ 
Pump. It operates on a unique 
progressing-cavity principle, as shown 
by the large cutaway. 

But even more important than how 
it works is how it performs. A good 
example is the Bendix Economat 
Washer, on which Moyno Pumps last 
seven and a half times longer than any 
pump tried before! On other types of 
applications— pumping everything 
from water, air, and abrasive-laden 
liquids to heavy, non-pourable pastes— 





users find that the simple Moyno Pump 
design saves maintenance dollars! 

If you use pumps—and particularly 
if your pumping application is a little 
different—there’s a strong possibility 
that the Moyno can add new features to 
your product. 


New Bulletin No. 50-MD has more facts 


Contains performance curves 
and details on pumping char- 
acteristics. Write for your free 
copy. If you can describe 
your application, we will be 
able to reply in even more 
detail. 





BEING <« MYERS, inc. 


SPRINGFIELD 99, OHIO © BRANTFORD, ONTARIO 


o> § 


Fractional & integral h.p. Electric 
Motors & Generators Fans 





Etectric & Hand Moyno 
Hoists & Cranes Pumps 


Propeliair Industrial 
Ventilating Equipment 

















How would YOU solve these two problems? 


1, FLINTKOTE INSULATED SIDING is saturated with hot asphalt 
by a continuous conveyor process through a dip tank. Fenwal 
THERMOSWITCH® Thermostats, connected to pilot 
lights, warn when asphalt varies from safe operating level. 
The totally enclosed mechanism of the THERMOSWITCH 
units is not affected by the high heat (420°F) or viscosity of 
the liquid. 


3. YOU, TOO, MAY BENEFIT from a Fenwal THERMOSWITCH 
Control.* Compact, highly resistant to shock and vibration, 
Fenwal THERMOSWITCH units have solved many types 
of temperature control problems throughout industry. The 
external, single-metal shell expands or contracts instantly to 
temperature changes, making or breaking electrical contacts. 


“Cartridge Type Illustrated 














oe eat 


2. LABORATORY WORK SAVED. Let one Fenwal All-Purpose 
Laboratory THERMOSWITCH thermostat do the work of 
many. This unit has a quick-disconnect plug — goes readily 
from job to job. It provides close temperature control for 
solids, liquids and gases. Stainless steel shell, resistant to 
corrosion, shock and vibration. 





4. SEND FOR THIS NEW CATALOG for complete explanation of the 
unique THERMOSWITCH unit. Also ask for more detailed, 
illustrated discussions of the problems above. Fenwal engi- 
neers will be glad to help you solve your temperature control 
problems involving heat, humidity, radiant heat, pressure and 
other variables. Write Fenwal Incorporated, 1912 Pleasant St., 
Ashland, Massachusetts. 


THERMOSWITCH” 


Electric Temperature Control and Detection Devices 


SENSITIVE... but only to heat 


MACHINE DESIGN—December 1953 
















| Heres a production idea that 
cuts costs..improves products.. 
Thomas pre-coated strip. 


) 








Thomas Cold Rolled Pre-coated Strip steel is 
more than a quality product—it’s a production 
idea that helps reduce costs—speeds operations 
and makes a better finished product. 

Take Thomas electro-plated copper strip for 
example. It serves as a die lubricant and 
stretches die life, protects parts in process 
against rust, is used as a low-cost final finish 
for many products and increases efficiency of 
tinning, soldering and brazing operations. In 
many instances entire operations such as raw 
material preparation, intermediate cleaning, 
buffing and final plating all may be eliminated. 
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Thomas Strip Division 
Pittsburgh Steel Cempany + Warren, Ohio 
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Profits and production start quicker, get 
there faster when you include Thomas Pre- 
coated Strip steel in your plans to produce bet- 
ter products. To learn how you can enjoy these 
advantages write today for information. 


Cold-rolled strip steel electrolytically pre-coated 
with Zinc, Copper, Brass, Nickel and Lead-Alloy 
in Natural, Planished and Buffed Finishes— 
Hot Dip Tin and Lead-Alloy Coated— Lacquer 
Coated in Colors— Annealed Spring Steel— Alloy 
Strip Steel— Uncoated Strip Steel. Carefully pro- 
duced to your specifications. 


IT’S MADE OF 


Why beryllium copper is specified more 
and more for electronic equipment is illus- 
trated by this wiper contact for a variable 
condenser used in Signal Corps combat 
transmitting and receiving equipment. It is 
made of quarter hard Berylco 165 strip, 
-014"" thick, cadmium plated. The contact 
buttons are silver. 


Electrical conductivity here is a must, of 
course. But even more important is the 
degree of contact the part makes with the 
shaft. Too little pressure will make a poor 
electrical contact; too great a pressure 
will excessively load the shaft. In produc- 
tion, the wiper is tested with a combination 
leaf spring gage and electric continuity 
checker to register between 40 and 70 
grams of pressure. 


BERYLCO 


Data supplied by the Radio Condenser Company, Camden, N. J. 


Once this adjustment is made, the Berylco 
contact will exert a constant pressure, come 
what may. In fact, it will remain in adjust- 
ment even after hand-forming during the 
checking operation. 


It is just this ability of Berylico to solve con- 
flicting mechanical, electrical and service 
requirements that makes it valuable to 
designers. Here, in one alloy, are combined 
such properties as strength, conductivity, 
corrosion resistance and elasticity—a com- 
bination no other alloy gives you. 


If you would like to include beryllium copper 
in your plans for the future, we invite you 
to share the know-how of the world’s largest 
producer of this unique alloy. For engineer- 


BERYLCO BERYLLIUM COPPER 


ing help or sample material, call or write 
any of the offices listed below. 


INVALUABLE 


This 16-page booklet, 
called APPLICATIONS 
UNLIMITED, contains 
nearly 40 casehistories 
— shows how Berylco 
has solved many trou- 
blesome design and 
engineering prob- 
lems. Send for your 
free copy today. 


- 


TOMORROW'S PRODUCTS ARE 
PLANNED TODAY...WITH 
BERYLCO BERYLLIUM COPPER 


THE BERYLLIUM corporation 


DEPT. 3L, READING 1. PENNSYLVANIA 
New York » Springfield, Mass. * Rochester, N.Y. * Philadelphia * Cleveland « Dayton + Detroit » Chicago * Minneapolis * San Francisco « Los Angeles 


Representatives in principal world-trade centers 
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FAST'S CONSTRUCTION is 
simple as A-B-C! A splined hub 
on each shaft end. A sleeve with 
internal splines to mesh. Oil in 
the sleeve, kept between the 
splines by centrifugal force, 
carries the load between the 
splines. 




















For free engineering service that saves dollars and down-time... 


FAST’S Couplings are FIRST! 


When you specify Fast’s Couplings, you get the bene- ina smaller order for him but a much smaller inventory 
fit of Koppers free engineering service... your assur- for the customer! 
ance of the right coupling for any job and the right 


; : Add the rugged construction of Fast’s Couplings ... 
solutions to tough coupling problems. 


with their original design maintained without basic 


FOR EXAMPLE: “Get the drawings and send them Change or sacrifice in size or materials. Add their 
down to Koppers” is the standard answer in one plant lowest cost per year . . . their life expectancy guaran- 


whenever a tough coupling application arises! tee. Fast’s usually outlast the equipment they connect. 
Result: it will pay you to write today for full details 


FOR EXAMPLE: After studying a list of spares for o, how Fast’s Couplings and Koppers Engineering 
stand-by units made up by one customer, a Koppers Service can help you get uninterrupted power trans- 
sales engineer eliminated duplications ... resulting mission! Send for free catalog to: KOPPERS COM- 
PANY, INC., Fast’s Coupling Dept., 342 Scott Street, 
Baltimore 3, Md. 






THE ORIGINAL 


PASTS 





a 
KOPPERS 
WwW 





KOPPERS COMPANY, INC., Fast’s Coupling Dept., 342 Scott St., Baltimore 3, Md. 
Gentlemen: Send me a Fast's Catalog giving detailed descriptions, engineering drawings, 


METAL PRODUCTS DIVISION - KOPPERS COM- 
PANY, INC. « BALTIMORE, MD. This Koppers 





| 
| 
| 
Division also supplies industry with American Ham- | capacity tables and photographs. 
mered Industrial Piston and Sealing Rings, Koppers- | an 
Elex Electrostatic Precipitators, Aeromaster Fans | Pe a a ee Cae Oe we Aaa 
and Gas Apparatus. | EN a a ee ee eee ee, Perry ON 
Engineered Products Sold with Service ; EE ES RE ea. ee aS. OTL. ON on eo 
| tater cei Ancient intact Zone ....- State 
Bien ees eatin vies il cache eens nm cme tin ein ene nl hin dein ls dt Wl es Nah nabs ame ci eke dina aia wie ens 
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All-ceramic and metal, close 
control rheostats for unsur- 
passed dependability and 
smoothness of operation. Ten 
stock sizes, 25 to 1,000 watts. 


Five compact models, 10 to 
100 amperes, AC, up to 12 taps. 
All-ceramic and metal con- 
struction. Silver-to-silver con- 
tacts, with self-cleaning rotor. 


A wide range of dependable, 
fixed, adjustable, tapped, and 
non- inductive, power wire- 
wound resistors. Also a wide 
range of precision resistors. 


Single layer R.F. plate chokes 
and power line chokes, on 
steatite or plastic cores. Pro- 
tected by a special moisture- 


resistant coating. 


OHMITE MANUFACTURING COMPANY 
3618 HOWARD ST., SKOKIE, ILLINOIS (Suburb of Chicago) 









WANTED... 















interest and ability 


MACHINE DESIGN needs an assistant editor with 


background in mechanical engineering. 


Principal duties are to seek out and organize infor- 





mation from various sources into articles of prac- 


tical value to design engineers. 


Essential qualifications are enthusiasm for writing 
and a strong creative urge to be of service to our 
readers through the development and dissemina- 


tion of the latest engineering knowledge. 


If you are interested and believe you are qualified, 
please write giving full details about your experi- 
ence to the editor, MACHINE DESIGN, Penton Build- 
ing, Cleveland 13, Ohio. 
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what's 
your 
problem? 
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X14 247-48 +21X 34, 
—I2XM= 2 















Parts? Finishes? Components? Materials? 
Maybe one of the advertisements in this issue of MA- 
CHINE DESIGN has the answer to your current mental 
whiplash. 





Or maybe the answer is suggested but you want to find 
out for sure. Why not spend a few seconds right now 
and get it over with? 


Fill out one of the advertising inquiry cards (always 
yellow) and shoot it to us. No letters or postage neces- 


sary. 


We'll send your inquiry immediately to the advertiser 
and he will then reply directly to you. 


USE THE YELLOW CARDS ON PAGE 39 
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7 MATERIAL HELP 

| iN 

MATERIALS 
HANDLING 


Pedigreed Power 
moves the products 
of industry... 

faster and at less cost 





Photo courtesy Mercury Manufacturing Company, Chicago, Illinois 


Every day is moving day in In- 
dustry. Raw materials, parts and 
finished products must move if 
supply is to meet demand. The 
system for moving materials in 
and around a modern industrial 
ee must be fast, economical and 

ave the flexibility necessary to 
meet fast-changing requirements. 
Best solution is the modern tow- 
ing tractor, small enough to scoot 
anywhere in the plant, powerful 
enough to pull loads heavier than 
itself. 

Tai« the Mercury “Huskie” 
picuured here . . . it can pull a load 
of over 60 tons at a sustained 
speed of two and a quarter miles 
per hour. It can be equipped with 
snow plow, power-driven winch or 
sweeper-broom. Powering the 
“‘Huskie”’ is the six-cylinder, 251 
cubic inch displacement Model 
8 Chrysler Industrial Engine 
equipped with Chrysler four-speed 


transmission and velocity governor. 
Small, compact, with an amazing 
power-to-weight ratio, this engine 
is ideal for equipment requiring 
a light-weight, powerful engine. 


Any Chrysler Industrial Engine, 
open or enclosed power unit, can 
be supplied with gasoline, natural 
or LP gas-burnng carburetor, 
standard or gear-driven front ends 
(magneto or hydraulic pump 
drive), mechanical or velocity 
governor, standard, g¥rol Fluid 
Coupling or torque converter 
transmission. 


Remember, too, that Chrysler 
Powerisnotexpensive. Production- 
line methods, adapted to special- 
ized industrial engine building, 
provide a custom-built engine at 
mass-production prices. See a 
Chrysler Industrial Engine Dealer, 
or write: Dept: 512, Industrial Engine 
Division, Chrysler Corp., Trenton, Mich. 


CHAVSLER 


Industria 


==> 


HORSEPOWER 


l Engines 


WITH A PEDIGREE 








..- before it TALKS 


. ..is the way our doctors put it—“Our chances of curing 
cancer are so much better when we have an opportunity to 
detect it before it talks.” 

That’s why we keep urging you to make a habit of having 
periodic health check-ups, no matter how well you may feel 
. . . check-ups that always include a thorough examination 
of the skin, mouth, lungs and rectum and, if you are a woman, 
the breasts and generative tract. Very often doctors can de- 
tect cancer in these areas long before the patient has noticed 
any symptoms in himself. 

The point to remember is that most cancers are curable 
if properly treated before they begin to spread, or “‘colonize” 
in other parts of the body. . . For other life-saving facts about 


cancer, phone the American Cancer Society office nearest you 


American Cancer Society 


or write to “Cancer” —in care of your local Post Office. 
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PH.LADELPHIA TRANSPORTATION COMPANY, Philadelphia, Pa., uses 
FLEXLOC Self-Locking Nuts on the rear axle flanges of its buses. 
This carrier has found that FLEXLOCs eliminate sheared studs, 
reduce maintenance, save time and money. 
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How FLEXLOC 


locknuts work 


FLExLocs lock and stay put on a 
threaded member regardless of the 
vibration encountered. Here’s how 
they work. The slotted top or locking 
section is divided into six equal, flex- 
ible segments, closed in to make the 
inside diameter of the nut smaller 
than that of the companion bolt. 
When the FLEXLoc is applied, these 
are expanded by the bolt. The spring 
tension of the resilient segments locks 
the nut securely at any desired posi- 
tion on the bolt once the locking 
threads are fully engaged. 


FLEXLocs can be used over and over 
again. When expanded by the bolt, 
the locking section remains within 
the elastic limit of the metal. This 
permits the locking segments to return 
to their normal position, ready for 
reapplication to the bolt. 


FLEXLOCs are one piece, all metal— 
nothing to assemble, come apart, 
lose or forget. They can be delivered 
in any quantity in a wide range of 
sizes. Stocks are carried by industrial 
distributors everywhere. Write for 
literature and samples. SPS, Jenkin- 
town 18, Pa. 


LOCKNUT DIVISION 


JENKINTOWN PENNSYLVANIA 


Cn fled Gear : N STRAT FOR THE FUTURE 
























he LENZ 


NO METAL TO METAL SEAL SEAL AND GRIP ARE 


SEPARATE 





NOT NECESSARY TO CUT 
TUBE SQUARE HELD BY FRICTION GRIP 


OF THESE TWO 


NO CONCENTRATION OF 


STRESSES DUE TO FLARES NO EXACT TUBE LENGTH 














OR FERRULES FOR TUBE FAILURE NECESSARY 
ee eet ee ee oe 

DO YOU KNOW ABOUT | A HACKSAW AND A FILE IS ALL YOU NEED 

LENZ REDUCER COUPLINGS? | Excessive wrench torque is unnecessary for seal does not depend upon 


tightness of the nut. The higher the pressure the tighter the grip. Solve 
your hydraulic piping problems the easy way .. . with ease of assembly . . . 
no matching of exact tube lengths . . .. simple leakproof connection for 
the life of the tube. 








Reusable collett holds by friction grip up to bursting pressure of tubing. 
|@ LENZ FITTINGS MAKE THE JOB AS SIMPLE AS ABC | 


Reducer couplings are adapters for standard 





bodies, making possible line reductions on 


any leg by use of standard adapters and 


Box 1044-T * Dayton 1, Ohio * ME. 2557 — MI. 7985 








PRECISION. GEARS 
amo GEAR TRAINS 
IRE FORMS 


SPRINGS 
METAL STAMPINGS 


Rely on 


“= DUDEK & BOCK 


- You get precision FORMS, 
Springs and Stam “thet are 
easily assembled . . . that with- 

» stand stresses . . . perform under 
the most trying conditions. Rely 
on our free designing service. Our 

' EXPERT ENGINEERS will pro- 

- duce designs that meet your exact 

_— needs—and save you MONEY! 


GREELY DELIVERY 


WRITE — WIRE or PHONE 
for Estimates and Delivery Dates 


DUDEK « BOCK 
SPRING MFG. CO. 
HAymarket 1-1880 2100 W. Fulton, Chicago 12, Illinois 





Modern electro-mechanical 
equipment can be no better | | 
than its components. Of these, | [am 
gears and gear trains are among 
the most important. Consult 
Bowmar when you need them. 













































SEND FOR DESCRIPTIVE LITERATURE, DEPT. M-1 
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HERE’S THE STRONGEST BRONZE 


Y-TEN-S Peco: 


HXSTENS 








Rolled or Forged, St Be ppeaber 
Yield Point (divider method) 
Sand Cast.........seesees 





ee) seneeee 


Sees eseceeeeeeeel seeeves 


eeeeeeeeael] eeeeeee 









50,000 









. ¢ -020 -030 -050 e 
De cosece SO 240 220 200 175 
List of U. S. Government Specifications Covering HY-TEN-SL Bronze 




















ARMY WATERTOWN and OTHER ARMY 
Forgings, Rolled Rod QQ-B-721 Class B ARSENALS 
Castings ...QQ-B-726 Class B and C Castings ....sseresesceseceess WXS-5 







Forgings and Rolled a coceee WXS-2 
NAVY eA ue F ar — 
ny 
Forgings and Rolled Rod 46BiSdClassB "Castings —Trunnion Metal......0.S.580 
Castings, Aluminum-manganese AIRCRAFT 
BORED ccceccccccccccccccesced “B2 See Navy and Army (above). 


Send for 46 Page" eat Book” 


AMERICAN MANGANESE BRONZE 


COMPANY 



















4715 RHAWN ST., PHILADELPHIA 34, PA. 





Established 1909 





Yelaallalam hele) | 
SOLENOIDS 






and LAST 


Endurance is built right 

into each Dormeyer Solenoid. 
Performance records show 
that 17,000,000 or more cycles 
have no effect on their 

quiet operation, smooth and 
trouble-free service. 


Dormeyer 


Precision-Wound Coils — 
Quality controlled and 
cvailable in quantity 
through our modern mass 
Constructed from the finest production facilities. 
materials available, Dormeyer 
Solenoids are engineered to 
specifications to give maximum 
service in the most difficult 
industrial service. 


For every electrical 
purpose, including fine 
wire coils up to 

No. 50 Wire. 


Send for catalog and include specifications for free estimate 


PORMEYER INDUSTRIES 





RIE IN CHICAGO AND. KENTLAND, INDI A 
3418 MILWAUKEE AVENUE ° CHICAGO 41, ILLINOIS 
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| presses and comparable 


| 1,000 bearings can be 


| from a loop line of up to 


| and quantity of lubricant 
| delivered can be adapted 







PULSOLATOR 


is made and sold 


by Mfanget 


Manzel has added the world-famed Pussolator 
to its established line of Force Feed Lubricators 
and Chemical Feeders. Thus, this 55 year old or- 
ganization now offers low pressure, single pump 
lubrication for applications where the unlimited 
pressure of Manzel force feed, individual pump 













systéms is not required. 




































Here are three typical 
applications showing the 
PULSOLATOR automatic, 
loop systems for lubricat- 
ing machine tools, printing 


equipment. As many as 
lubricated by one system 


300 ft. Capacities, timing, 


to individual require- 
ments. Manzel engineers 
will be glad to plan a sys- 
tem to meet your exact 
needs either on new ma- 
chines you are planning 
or on existing equipment. 


an 






DIVISION OF FRONTIER JNDUSTRIES 
276 BABCOCK STREET, BUFFALO 10, NEW YORK 








453 






) | 
e 


if it’s a pressure gauge or dial ther- 


mometer, Marsh makes it .. . and makes 
it better. The types, ranges and case styles 















AS you want them — WHEN you want them 





















urs B Specialists in manufacture of Fine Pitch are endless. be is —, . ye 
MELICALS Gears to close tolerances . . . from or- | Marsh. To tow ae cme Marsh 
seaceuers, = dinary commercial grades to the most | jocteamnnee 
oo” exacting aircraft specifications. | 

& MITRES Send blueprints Is and i. . 
WORMS neering a ae ee an oie Write for 

& WORM . 

GEARS : this 
wut, FRANKE GEAR WORKS, INC. tach Qlled 

SPLINE 1922 W. COLUMBIA AVE., CHICAGO 26, ILL. 





MARSH INSTRUMENT CO., 
Sales affiliate of Jas. P. Marsh Corporation, 
| Dept. B, Skokie, Ill., Export Dept., 155 E. 44th St., New York, N. Y. 











DROP FORGINGS 
TRACING CLOTH >| ...any size or shape 
Imperial is known in drafting rooms : Up to 200 lbs. 


all over the world as the traditional Whatever your cedibenents a ae 
quality tracing cloth. 

With the background of decades of 
experience, its makers have pioneered a source of supply as it has-been 
in modern improvements to maintain 
Imperial as the finest tracing cloth made. 












ings, Herbrand is your most faithful 







for hundreds of industries since 1881 







Your inquirres are solicited 


° 
Kibet ows10% 
ORPORA 


,INGHAM-HERBRAND 


FREMONT OHIO 
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CS 











426 | 
L432 












LL, ~ 


SHIELDED TYPE 


PLUGS & SOCKETS 


LOW LOSS PLUGS AND 
SOCKETS FOR HIGH 
FREQUENCY CONNECTIONS 


For quality construction thru- 
out, and fine finish, see dia- 
gram above. 

101 Series furnished with 
%", .290", 5/16", ¥%", or Yo" 
ferruie for cable entrance. 
Knuried nut securely fastens 
unit together. Plugs have cer- 
amic insulation; sockets bake- 
lite. Assembly meets Novy 
specifications. 

202 Series Phosphor bronze 
knife-switch type socket con- Aim 
tacts engage both sides of 
flat plug contacts—double 
contact area. Plugs and 
sockets have molded 
bakelite insulation. 

For full details and 
engineering data ask 
for Jones Catalog No. 18. 


JONES MEANS PROVEN QUALITY 


P-101-%4 




















BRASS SLEEVE 
HOT TINNED 


ee it) 
PLATING - BUR. 
i NISHED CADMIUM 


BRASS PLUG BODY = 
TIN PLATE 10 20 MSI 


Srna — STEATITE = 


VACUUM WAX iP 


*NURLED NUT = 
Te 











H MANUFA RING 


STO BRASS 
ONG 













Howarp B. Jones Division 


® RA i 


NITED ARR FASTENER CORP 


PUSH-PULL CONTROLS 


Compression and Tension Type 








Aircraft cable is strung with spherical 
steel shells in a rigid or flexible 
housing secled with “O” rings. 3” 
standard bend readivs. %4" minimum 
bend radius. 


Three Types: 





1. Light Duty—Compression Ult. Load 
1250 Ibs.; Ult. tension 960 Ibs. 





2. Heavy Duty — Compression Ult. 
Lood 1650 Ibs.; Ult. tensizn 960 
Ibs. 

3. Extra Heavy Duty—Compr. Ut‘. 


Lond 3050 Ibs.; Ult. tens’on 3900 
Ibs. 


Modernize your push-pull control sys- 
tem with Southwest Mechanical Push- 
Pull Controls. Eliminate bell cranks, 
pulleys and dual cables. Send for 
ENGINEERING MANUAL giving de- 
tailed prints and complete specifico- 
tions covering materials, finishes, co- 
pccities. Please address Dept. MD-53. 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., DUARTE, CALIF. 
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Send for these 
Engineering Data 
Dept. F 









WATERMAN 
PRODUCTS 


for 
POSITIVE 
CONTROL 


Here are four Waterman Products designed to fit 
your needs. If you desire a completely new design 
our experienced engineers are available fo serve 


you. 








SOLENOID VALVES ‘yore ee Sere. con 

Designed for remote con- 
@ *, tol on non-Corrosive fluids. Poppet con- 
‘ struction eliminates leakage. impregnated 
coils are oil and moisture resistant. Avail- 
able in 110-220 A.C. 


UNLOADING 
VALVES 


for pressures to 3000 
psi. Flow rates to 30 
G.P.M. Fast acting, 
easily 










an ug WHVUNyy wi * 


4 


ADJUSTABLE FLOW REGULATORS '¢: <v!i=<°: 


speed control 
ever 50% range for pressures to 3000 psi. ideal for cylinder speed 
adjustment yet maintains constant speed for Machine Tools—Farm 
Equi t—Packaging Machinery-—Stee! Mills etc. 





ae 


CHECK VALVES 


one piece construction Nylon Poppet, light 
aluminum bedy. Low pressure drop. 


WATERMAN 


ENGINEERING COMPANY 


725 CUSTER AVENUE + EVANSTON, ILLINOIS 


iy; 










a 









































highest 






A.C. M.1. Borescopes are available 
in 4 angles of vision (as above) 
—in diameters of .120" to 
4.00’'—in lengths of 














4" to 720”. Special we 
models for special oer 2 
problems. 






visual wee 


INSPECTION OF CONFINED AREAS FACILITATED 
NECESSITY OF DISMANTLING AVOIDED 


TIME SAVED—MONEY SAVED 


lations, an A, CML 
Each —, a compact, self-illuminated industrial telescope of 


close-up visual & 
areas and surface se 
They save time and méney, ‘event costly 
dismantling, by roxanne ra solution to 
a wide variety of inspection problems. 






Sparts or castings, to large boiler tubes, 
€s equipment, or other industrial instal- 
. Borescope may be the answer to your problem. 





, €mploying a precision optical system, that produces a flat 


hs systems are fully corrected for color, spherical aberrations, 
“and coma, with all lens surfaces coated to increase light transmission. 


Write for free informational folder, or tell us your problem. 


(ystoscope Makers, Inc. 


NEW YORK 59, N. Y. 

























DO IT WITH 


ATLANTIC 
GEARS 


GENERATED 

WITH PRECISION 

ON MODERN 
EQUIPMENT 
















© Send SAMPLE 
}: or BLUEPRINT 
° for QUOTATION 


Demntith Illustrated 
Brochure on Request 


Call CAnal 6-1440 
ATLANTIC GEAR WORKS, Inc. 


200-MD LAFAYETTE ST. © NEW YORK 12,N.Y. 
































Sprague Shut Off Valves automatically cut out 
gages and other pressure-sensitive instruments 
when fluid pressures go beyond their operating 
limits. Automatically open when pressure is again 
within approx. 80% of set cut-out points. Avail- 
able for any pressure setting between 10 PSI and 
5000 PSI. 





Save valuable man hours. Eliminate opening and 
closing manually operated shut off valves. Sup- 
plied with standard pipe thread connections, also 
available with AN tube fittings. Body is 1%” 
aluminum hexagon stock. Length 5%”. Bronze or 
stainless steel bodies also available. Easy to in- 
stall. Thousands in use. Write for bulletin. 


SPRAGUE ie 
_Brginecring and Sales Lary. 
Ree. 1144 WEST 135TH ST., GARDENA, CALIF 
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3-way, 
hand actuation 









CONTROL VALVES 
IN ANY ACTUATION 


4-way, “> ne ; 
manifold mounting 
pilot actuation 


mirrored image! 





pedal actuation. 


FOR AIR, OIL AND WATER 


From over 1,000 standard combinations there is a type and size 
VERSA VALVE to suit every compressed air and low pressure water 
or oil hydraulic need, (0 to 200 psig). Interchangeable hand, foot, cam, 
pilot and solonoid actuating devices for 2-, 3-, and 4-way types in 
all popular sizes. Spring return, spring center or no spring action 
optional for any type actuation. All VERSA VALVES available in 
manifold mounting design. 


Functionally designed to do a job, VERSA VALVES are unequalled 
for modern appearance cnd compactness. And any VERSA VALVE 
can be completely disassembled with an ordinary screw driver with- 
out disturbing pressure line connections. 

SEND FOR YOUR FREE CATALOG AND DATA SHEETS 


VERS 


is yours with a RU THMAN 


Gusher ; Coolant Pump 


Fe so 

















Illustrated is a 
Bullard Cut Mas- 

wee ter Vertical Tur. 
SS”. ret Lathe oquipped 
' with a Gusher 
Coolant Pump. 






Once a Ruthman Gusher Coolant Pump is installed it 
requires little or no attention. The pre-lubricated 
heavy-duty ball-bearings require no further lubrica- 
tion, there are no packing glands to adjust. The dy- 
namically balanced rotating shaft minimizes vibration 
and wear. Minimum power is consumed when the Gusher 
is throttled down. You are sure of low cost operation 
when you specify Gusher Pumps on your machine. 


THE RUTHMAN| "MACHINERY CO. 
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beste tca cman «=STOW 


ANOTHER IN A SERIES OF 
FLEXIBLE SHAFT APPLICATIONS 


AT TO 


WE PRACTICE 
WHAT WE 
PREACH 


and save $84 in production! 


Concrete vibrator heads are subject to terrific 
tension load. Because of this, special precision 











grinding operations are necessary in their manu- 
facture to insure that outside and inside diameter 
of casings are exactly concentric. By using a 
Stow Flexible Grinder in conjunction with 
another grinder, as shown in the illustration, 
Stow Manufacturing Co. saved 50% of the pro- 
duction time formerly required for this important 
operation. 


cead for free copy 
Stow can save money for you, 
too. Write today for catalog and 


specific information. +» 











MANUFACTURING CO. 


11 SHEAR ST., BINGHAMTON, N.Y. 
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FREE CATALOG 


Brings You GREATEST SELECTION of 


« Whatever your application may 
be, if vibration or close-preci- 
sion-setting are factors, you are 
most likely to find the right Self- 
Locking Set Screw in this most 
complete range on the market. 

“Nu-cup” Write us a brief description of 

' your problem or send blueprint 

y and we will be glad to supply you 

with free test sam- 

ples of Zip-Grip*, 

Nu-Cup* or Off- 

Set, Set Screws, 

whichever we 

believe will best 

suit your par- 

‘icular needs, 







“ZIP-GRIP” 










“OFF-SET” 


*Pat. Pending 


FOR FREE CATALOG 


Simply write your name 
and address on margin 
of this page, tear out 
and mail today. 


crew 
& DA fg.Co. 


28. Main St., Bai tilett, Ill. (Chicago Suburb) 





a—_“ To identify your prod- 
uct clearly and to make sure your 
instructions are permanently read- 
able, use our high quality metal 
plates. We'll gladly help design 
plates that reflect your pride and 
match the quality of your product. 
Skilled craftsmen, modern equip- 
ment assure enduring satisfaction. 
Send rough sketch or blue print 
for design suggestion and quotation, 
without obligation. 





Write for free book 
with full color examples 
of our plates. 


CHICAGO THRIFT-ETCHING CORPORATION 


1555 N. SHEFFIELD AVE., CHICAGO 22, ILL. DEPT. A 
SUBSIDIARY DF DODGE MANUFACTURING CORPORATION, MISHAWAKA, INDIANA 
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NOW..aNew 


in REWIND 
STARTERS 


This amazing 
new Armstrong Starter is pack- 
ed with important new fea- 
tures — 

It is 50% lighter — smoother 
acting — easier to service and 
mount. 

The principle is based on the 
use of friction inside a con- 





ventional rope starter cup, 
Actuated by a cam principle it 
engages after % inch pull. 
Eliminates danger of teeth or 
powls brecking — permits 
greater tolerances in mounting. 
Available with stationary or 
rotating screen. Competitively 
priced. 











armstronc BULLDOG starrer 
HERE’ SOW IT WORKS 





4, Heart of unit 
can be incorpo- 


load- 


3. Rope pulley 
ovailableforhand 


2. Spring 
ing retracts teeth 


9. Cam actuated 
feeth extend to 


grip inside of when pull stops. starting in case rated in end 
standard rope of emergency. products design. 
pulley cup. 


if you make, sell or use 
products like these, you con 
reduce weight — improve 
starting — increase starter 
life. Chain Saws © Pumps * 


Power Mowers * Outboard 


fe (RE w 


ARMSTRONG PRODUCTS CO. @ Milwaukee, Wis. 


|ELECTRIC HEATING UNITS 
= ; I 


Siti 


~- 
\ 


OX COOH 


| cco ne = 


ween suacegnennieinill 


VULCAN ELECTRIC CO 


DANVERS G&D MASS 
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.-. employ NOPAK (Cylinders controlled 
by NOPAK Operating Valves 


R-S Butterfly Valves, 


to Regulate Flow of Liquids and Gases, 


In the chemical, paper, petroleum and steel industries, in sewage 
plants, water works and other utilities, R-S Butterfly Valves are used 
for fast, accurate flow-control of liquids, vapors and gases. In the in- 
terest of speed and efficiency, and to reduce or eliminate manual 
effort, the R-S Products Corp. of Philadelphia equips many of its valves 
with NOPAK Air or Hydraulic Cylinders controlled by NOPAK Operat- 
ing Valves. 


The R-S No. 789 Butterfly Valve pictured here is typical. This success- 
ful application may suggest how you can use NOPAK Valves and 
Cylinders in your plant operations, or to improve the performance of 
equipment that you build for others. 


GALLAND-HENNING NOPAK DIVISION * 2752 S. 31st St.* Milwaukee 46, Wis. 


Representatives in Principal Cities 


R-S No. 789 Heavy Duty Butter- 
fly Valve equipped with NOPAK 
Model **D'' 8” x 12” Air Cy- 
linder and NOPAK Valves for 
optional solenoid or manual 
valve control. 


Refer to Sweet's File for Prod- 
uct Designers or write for 
Bulletin SW-2. 

































ao 












A 7555-42H 








Engineered hte Regulation 





WHAT DO YOU REQUIRE OF AN AIR REGULATOR? 
IS IT CAPACITY? 


IS IT ACCURACY? 






1S IT FREEDOM FROM 
SUPPLY PRESSURE INFLUENCE? 
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* 


Kendall Model 10 Air Pressure Regulator gives up to 
35 CFM with 90 PSI supply pressure 


Increasing flow overcomes downstream line losses by 
jet tube venturi action in the Kendaii Model 10 


50 PS! variation in upstream pressure will result in 
less than 0.05 PSI change in downstream pressure 
on dead end service when you use a 


KENDALL MODEL 10 
AIR PRESSURE 
REGULATOR 
AVAILABLE %” or %" N. P.T. 
RANGES 0-2, 10, 30, 60, 150 PSIG | te 
Send for BULLETIN 4521 eae 





CONTROLS CORPORATION 
WALTHAM 54, MASS. 


KENDALL 
144 MOODY STREET 


“ oS epee ole 
’ 4% ‘oe 
28 ke 
j * 
hs z 
‘ S 


» 

































EARLE) EA CEARS 





this new WELDING DESIGN MANUAL 


\ FOR THE ASKING 


To assist you in your re-tooling 
problems or to help you an- 
alyze your present welding 
metheds.so that you. may enjoy 
maximum speed, efficiency, and 
econemy in many of YOUR 
production problems... 


Giant new 4th Edition con- 

tains 62 new photographs, 132 

new drawings, 72 pages of helpful 

data covering basic and advanced welding techniques 
and designs used in fabricating and assembly. Profusely 
illustrated with application drawings; weld diagrams; 
tables of melting temperatures, strengths, corrosion fac- 
tors; charts; alloy recommendations; etc. Convenient 


digest size. 
This just-off-the-press book is “must” reading for anyone 
engaged in defense production and design, and will 
certainly be time profitably spent for any production man. 
. .. The unbelievable savings in metal-joining which can now be 
yours through the use of “Low Temperature Welding Alloys’’® 
discovered a few years ago and now used in over 78,000 indus- 
trial. plants throughout America for more efficient metal-working 
production as well as for salvaging irreplaceable tool and machine parts. 
Over 100 different, new, EUTECTIC Low Temperature WELDING ALLOYS® 
and EUTECTOR® Fluxes are job-engineered for use on ALL metals—cast 
iron, alloy steels, aluminum, copper and nickel alloys, die castings, over- 
lays, etc., and may be applied with ALL heating methods—torch, arc, fur- 
nace, induction heating, etc. 


SEND FOR YOUR COPY TODAY! 
EUTECTIC WELDING ALLOYS CORPORATION 


72nd Street at Northern Boulevard * Flushing, New York, N. Y 


nq J 


GET THESE FEATURES 
IN ALL YOUR FUTURE 


CYLINDERS 


Hydraulic 


High Pressure 


* Centrifugally Cast Cylinder Bodies 

% Cast Steel or Semi-Steel End Caps 

%* Cast Iron Piston with Automotive 
Type Rings 

% Leakproof Packing. “O” Rings 
in each end cap 

%*% Adjustable Port Location 

% Fixed Cushions Standard Construction 


Air and Low 


Pressure Hydraulic 


* Compact — No Tie Rods 
% Extra heavy walls of selected tubing 


* Metal to metal assembly preloads 
piston cups 

* Automatic rod packing requires no 
take-up. Seals under pressure 

* Aluminum alloy piston with steel 
cup retainer 








PACKAGE 
PLAN can save you 
Research, Development 
and Tooling Costs. 


FRENCH & HECHT 


i. a: WHEE MPAR 


Your Inquiries 


DAVENPORT con’. a.’ 








— Adjustable Cushions Optional % Extra long rod guide 


HYDRO-LINE CYLINDERS CONFORM TO J.1.C. STANDARDS 


=> FREE Additional Data 


covering additional construction and performance features are included in this 
catalog. Write for your copy today. Ask for bulletin 350. 


=e ae 


Hydro-Line 


HYDRO-LINE MFG. CO. 

707 19TH STREET 

~ ROCKFORD, ILLINOIS 
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LEAKPROOF 
CHECK 
VALVES 


THE ‘‘CIRCLE-SEAL’’ PRINCIPLE 


utilizing a resilient “O” ring floating between 
conical seats enables us to provide “dead- B 
tight” sealing—plus the assurance of un- ¢ 
precedented, maintenance-free service life and 1 
precision performance never before offered. Z 

a 

# 

a 

a 


CIRCLE @ SEAL 


precision check valves 


@ VACUUM 
BREAKERS 

@ SENSITIVE 
LOW PRESSURE 
VENT OR 
RELIEF VALVES 


JAMES*EOND=CLALE 


2181 E. Foothill Blvd. ¢ Pasadena 8, Coatif 


Engineering data. 
sent free of charge. 


on request. 
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CLUTCHES 


by 
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FEATURE 
THIS , 
MONTH 


















No Push=No Pull—Just Ride | 
This Motorized Wheelbarrow 


The forward and reverse, controlled dump, and 
direct steering features of Koerhing Company's 
MOTO-BUG take the hard work and high cost 
out of material handling for construction and 
industry. ROCKFORD CLUTCHES contribute 
to the versatility of this handy unit. Let ROCK- 
FORD clutch engineers help plan efficient power 
transmission controls for your machines. 






Lever Operated Hydraulic Valves 


ROCKFORD CLUTCH DIVISION wk. For line pressures up to 5000 psi 
311 Cathgrine Street, Rockford, Illinois, U.S. A. 


























@ Unsurpassed for efficient trouble-free service 
controlling single or double acting hydraulic cylinders 
and other important high pressure hydraulic circuits. 
Positive, fast acting. All parts are in pressure balance, 
eliminating any tendency to creep or crawl. Machined 
steel housings, with chrome plated and polished stain- 
less steel plungers. Self sealing U-packers. Metal valving 
rings take the impingement of the liquid, minimizing 
wear on the packings. %"’ to 1%"’ sizes. Also available 
in pilot operated designs; sizes to 4'’. Write for details. 





PLANT STANDARDIZATION OF 
POWER TRANSMISSION EQUIPMENT 





BROWNING has added a complete line of Roller Chain 


Sprockets with Malleable Split Taper Compression Bushings ©) 





NOW you have the same simplified 
bushing system for... 








PILOT CYLINDER GPERATED 
3 HYDRAULIC VALVES 


SINGLE GROOVE SHEAVES >) 


MULTIPLE GROOVE SHEAVES 





Two position valves 142°’ to 4°’ sizes for line pressures 









¥ from 1000 to 5000 psi. Valve is placed close to the work 
RIGID COUPLINGS __gty)__ and operated from a central control point with an easy 
i to handle air valve avoiding 
FLEXIBLE COUPLINGS <))- i operator fatigue. 
- ile SOLENOID OPERATED 
pare puuers___(@) AIR VALVES 
SW, r 5): Widely used for control- 
a Me ling single and double acting 
gal ROLLER CHAIN SPROCKETS __ of : —— air cylinders, clutch and brake 


controls, etc. Solenoid is di- 
rectly connected to valve 
operating mechanisms. %"' 
to 1%"" sizes. 2-way, 3-way 





ao 






Only your Browning Distributor 
offers this service...there is one 

















ny near you. Write for Catalog GC101. and 4-way actions. d 
DROWNIN MANUFACTURING COMPANY For Fully. Descriptive Data Sheets Write ‘@: 
MAYSVILLE ++ + ROeMtUCcKY 7 - 
l & SON, Inc. > 


Cc. B. HUNT 


ale lle D 


; ~ r 3 
Hraphrogm anc 











oof, Lever, Lom, P 







2013 EAST PERSHING STREET SALEM, OHIO 
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BUILDERS OF SPEED REDUCERS : | Ale) 


FOR ALL INDUSTRIAL PURPOSES MINIATURE PRECISION 
ga HYDRAULIC VALVE 


Years of specialized engineering 
design and experience are embodied in 
the thoroughly comprehensive line 

of spur, worm, and combination speed Skinner's new VIO Series Miniature Hydraulic 
reducers offered by Abart. What- Valve is an amazingly compact unit, capable of handling 


ever your particular application, there pressures up to 1000 P.S.1. 
is an Abart Speed Reducer exactly This precision-made valve is ideally fitted for use in the 
suited to the job. Oil-tight and sealed automatic operation of single and double acting hydraulic cylin- 
against dust, they are compact, = and in pilot control of larger three and four way hydraulic 
: : . valves. 
— ee eee The V10's construction is consistent with the Skinner quality 
f; 1/50 t 168; ti to 10,000 to 1. traditicn: most internal parts are of stainless steel; the slide mech- 
rom 1/ o Fatios to o anism has a precision-ground piston, and a bore honed to 
SEND FOR POCKET-SIZE CATALOG containi=a com- extremely close tolerance, thus minimizing leakage. 
plete data on ABART SPEED REDUCERS Specifications: 1/8" NPT threaded ports; effective orifice di- 
ameter of 3/32”; available in the full range of AC and DC voltages. 


and GEARMOTORS f : ‘ 
SPUR GEAR DRIVES The economical design and unusually small size of the Skinner 
WORM GEAR DRIVES Miniature Hydraulic V10 valve will enable many manufacturers 
to install it in places where, heretofore, remote conirol devices 

and COMBINATIONS have been considered impractical. 

















SPEED | Which of the 
TRANSMISSION | applications shown at 


From Fractional H.P. right interests you? 
Through 60 H.P. tt isa . 


Here is the answer Mercury 
to many power Clutch 


transmission prob- 
lems. A four-speed for each one. Write for 
transmission in sizes from fractional HP through full details today. 
60 HP. For use with any speed electric motor or 
engine. Available in a wide range of speed ratios | Mercury Ciutch Division 
or ge J A ae — AUTOMATIC STEEL PRODUCTS, INC. 
missions. ' CANTON 6 OHIO 


See Your Turner Dealer 
or Write: 








Write us today—Outline the 
desired output speeds, size 
ond speed of motor or en- 
gine, a brief description of 
your problem and we will 
384 Terrace Street ~ Kansas City 8, Missouri forward complete details. 
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THE KNOWLEDGE AND 
CAPACITY TO PRODUCE 


Chief Sandusky offers both modern production facilities and out- 
standing metallurgical knowledge to users of its non-ferrous cy- 
lindrical products—trings, liners, rolls, roll covers, bushings, bear- 
ings, sleeves, and tubes. 





Continuing research, both inside and outside the organization, 
constantly adds to Chief Sandusky’s metallurgical knowledge 
and production skills. Leadership in centrifugal castings, estab- 
lished more than 40 years ago, is thus maintained. By the most 
modern methods, Chief Sandusky makes castings varying from 
three inches to 54 inches in diameter, to 327 inches long. 


Sandusky know-how belongs to you. To assist you in developing 
new equipment or improving old will be a privilege. Specify 
“Chief Sandusky" on your next order. 


C. M, LOVSTED 2 CO., INC., SEATTLE, WASH. @ TYNES BROS., 
BIRMINGHAM, ALA. @ CORDES BROS., SAN FRANCISCO & 
LONG BEACH, CALIF. 














or PIN: 
q ; 
Bear: 
Oy ASSEMBLY... V.-| 


LOWER 


oa ay i 
POSITIVE 


ANCHORING 4g DRIV-LOK Pins are responsible for 
-..won’t come | great economies and product 
loose : improvement in thousands of ap- 
plications. For machinery, finished 

products, components and sub-assem- 








been reading any advertising lately? 


Chances are that you've been reading a lot of it in 
the last few minutes. 


Did you get some ideas which might help solve some 
of your current design problems? This is a most com- 
mon happening—nearly all readers of MD have the 
same experience. With another 20 seconds of your 
time, you can do something about it. 


We'll be glad to help you. 


Go back to that yellow page in the front of this 
issue and fill out one of those cards. We'll pay the 
postage, send your request on to the manufacturer. 
Without further ado, he'll be glad to send you the 
necessary information, 


USE THE YELLOW CARDS ON PAGE 39 


blies, DRIV-LOK Pins offer definite 
advantages in time, labor and cost 
savings. We can help you better if 
you will write, giving us the nature of 
your problem. Catalog and Samples 
sent without obligation. 


ee {Tl 


Type A TypeB TypeC TypeD TypeE 
Also Types F and G 


WRITE-FOR DRIV-LOK PIN COMPANY 


CATALOG 715 Chauncy Street Sycamore, Illinois 
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ELECTRICAL - MECHANICAL 


Exceptionally fine opportunities exist in new 
medium-size research laboratory near Pittsburgh for 
development of small electro-mechanical apparatus. 

Very attractive salaries will be paid for interesting 
professional work in any of these permanent positions: 


Project Leader 


to coordinate and supervise various phases of de- 
sign, fabrication and testing of models in the develop- 
ment of precision apparatus for control of heating, 
cooking and cooling. Must have extensive experience 


in any or all of these fields. 


Engineers 


near Research Center. 


salary history to: 


P. O. BOX 489, 





Research and Development 


for design, development and testing of controls 
used on heating and cooling equipment. Must be 
graduate E. E. or M. E. from recognized college. 


High salaries will be commensurate with experi- 
encé and ability. Very attractive employee benefits. 
Congenial working conditions. Good residential area 


Please send resume of education, experience and 


IRWIN, PA. 











Rugged Winzeler Sprockets Help Drive the: 
B.V.1. Sander 





Winzeler Ladder Chain 
Stamped Sprockets bring 
smooth, dependable per- 
formance, long life and 
low cost to the excellent 
Burgess Belt Sander. 
Built for toughest sand- 
ing jobs, the BVI uses 
only the sturdiest com- 
ponents. 


Cut your costs. . improve 
quality and performance 
-- get the uniformity and 
accuracy only Winzeler 
Stamped Gears can give. 
Stock and custom dies. 
Assemblies by staking, 


j brazing, riveting. Pro- 


WRITE FOR FREE folder describing 
our facilities, tools, assemblies and 
various Stamped Gears. Includes data 
and tables. Get samples, ideas, and 
low prices. 


duction runs on modern 


high speed equipment as- 
sure deliveries on time! 





1712 WEST ARCADE PLACE, CHICAGO 12, ILLINOIS 











ENGINEERS 


AVAILABLE OR WANTED 

















WANTED: Engineers and Draftsmen. Progressive, well-known 
manufacturer of machine tools needs engineers and drafts- 
men for expanding machine and equipment design program. 
Company offers pleasant working conditions, stable employ- 
ment and advancement opportunities. Location is in a pleas- 
ant Vermont town with all modern facilities. Send resume of 
personal and educational background and experience to 
Philip C. Durland, Bryant Chucking Grinder Company, 
Springfield, Vermont. 


WANTED: Design and Process Development Engineers. De- 
sign and process development engineers wanted to work on 
developing and improving glass manufacturing processes for 
a leading glass company located in Ohio. Openings for 
mechanical, chemical, ceramic, and electrical engineers. Duties 
will involve carrying new processes through development into 
manufacturing. Salary commensurate with training and ex- 
perience. Reply should include resume of training and edu- 
cation and should state salary requirements. Address Box 
829 MACHINE DESIGN, Penton Bldg., Cleveland 13, O. 


WANTED: Design Engineers for design of special medium 
weight automatic equipment. Will be called upon to experi- 
ment with and recommend improvements to existing equip- 
ment as well as design of new equipment. Degree in mech- 
anical engineering desirable. Should have a minimum of five 
years of design experience. Location: Chicago. Compensa- 
tion dependent upon experience and ability. Position is not 
dependent on defense contracis and is permanent and offers 
good working conditions with excellent company benefits. 
Replies will be treated confidential and arrangements will 
be made *» interview selected applicants. Submit complete 
resume stating experience, education, salary required and 
date available. Address Box 828, MACHINE DESIGN, Penton 
Bldg., Cleveland 13, Ohio. 


WANTED: Engineers-Machine Designers. We invite you to 
call or write for an interview. Inquiries held in confidence. 
Monarch Machine Tool Company. “Builders of Monarch 
Lathes”, Sidney, O. 
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may answer your 
Power Spring problem! 





For your products requiring flat-type power 
springs... you should look into the opportunity % 
to improve performance and give longer operat- cP, 
ing life with use of Sandsteel “crosscurved” 2 
mainsprings. Because of their concave-convex 
curvature they deliver DUAL POWER...smoother, Gea 
more even release of energy and longer run. 















FREE brochure on request 
— “Sandsteel Springs 
for Your Products.” 


Dept. 121 


SANDSTEEL SPRING DIVISION 


SANDVIK STEEL, INC. : 
145 HUDSON STREET, NEW YORK 13, N.Y. & 
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SPECIALISTS 
VALVES — CHUCKS — CYLINDERS — SILENCERS - SOLENOIDS 
HYDRAULIC PUMPS -COMPRESSORS -PILOTS- AIR CONTROLS 


MACHINE FEEDS - CLAMP CYLINDERS — QUICK EXHAUSTS 
WRITE FOR CATALOG 


STOCKS IN .RINCIPAL CITIES 


400 PREDA STREET + SAN LEANDRO, CALTFORNIA 
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Booming . . - 
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TIMING MOTORS 


offer the solution to problems of 
obtaining better performance at lower 
cost ...in timing mechanisms demand- 
ing long life and dependability. 


HERE’S 
WHY: in application — when designing 

timing devices. They're small, com- 
pact, and extremely powerful and rugged. 


SYNCHRON Timing Motors pull up to 8o0z. di- 
rect load at 1 RPM, operate efficiently at —40° to 
-+140°F. They're available with gear trains to con- 
vert any speed . . . may be mounted in any posi- 


tion, 
TIMING MACHINES 


The SYNCHRON Timing Machine is pre- 
cision engineered for easy adaptability, 
comes ready to install in any timing 
device where compactness, accuracy and . 
dependability are essential. 


SYNCHRON engineers will be glad to 
work with you in solving any special 
design problems you may have. Write in 
complete confidence. 














Engineers find SYNCHRON Timing 
Motors easy to adapt — versatile 




















SYNCHRON High Torque Timing Motors 
for devices requiring intermittent motion. 


Ne CW: Send for details. 
Products of HANSEN MFG. CO. !nc., Princeton, Ind. 
Mail Coupon Today for Latest Synchron Catalog 








+ 
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’ 

Send catalog and engineering data to: MD ; 

' 

' 

Name : 
Firm : 
‘ 

Address : 
' 

City . Zone . . State . ' 
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A TYPE OF OIL SEAL FOR EVERY SERVICE 
The J-M Clipper Seals used in Joy Manufacturing 
Company’s Double Drum Slusher Hoists are: (1) 
Type LPD for planetary clutch-hub to bearing-bracket 
seal, (2) Special Outside Lip Seal Between counter- 
rotating drums, (3) Type LPD seal as reduction gear 
housing to planetary clutch-hub seal, (4) Special 
Outside Lip seal for reduction gear housing seal. 
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Need, am oil seal te withitand muck and, acid, mine weiter? 


Clipper Oil Seals help Joy Mine Slushers 
stay underground longer 


Tuis 125 H.P. Double Drum 
Slusher Hoist made by Joy Manufactur- 
ing Company is one of the most rugged 
machines in underground mining serv- 
ice. Designed to haul rock and ore in 
metal mining operations, it is constantly 
covered with muck and mud. In addition 
it is subjected to acid mine waters. To 
work dependabiy, shift after shift, day 
after day, it must stay clean and well 
lubricated on the inside. 


To protect its bearings from dirt and 
corrosion and to retain the lubricant, 
two types of Clipper Seals are used. Type 


JOHNS MANVILLE 





PRODUCTS 
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LPD Clipper Seals with corrosion-resist- 
ant alloy garter springs are installed on 
the reduction gear housing to planetary 
clutch and on the planetary clutch hub to 
bearing housing. Special outside lip 
springless Clipper Seals are installed be- 
tween the counter rotating drums and 
on the reduction gear housing. This com- 
bination was effected by Johns-Manville 
Packing Engineers working in conjunc- 
tion with the Joy Manufacturing Com- 
pany engineering staff. 


Clipper Seals offer many advao‘ages, 
wherever accurate fit, longer life and 


a/V| Johns-Manville CLIPPER OIL SEALS 


greater sealing effectiveness are required. 
These precision-moulded oil seals pro- 
vide easy installation, because the.tough, 
dense heel affords just the right amount 
of rigidity for a press fit in the cavity 
. while the flexible lip, held in light 
but positive contact with the shaft by an 
especially designed garter spring, pro- 
vides effective sealing at all times. 
Clipper Seals come in a wide variety of 
designs, to meet practically any sealing 
requirement. For details write Johns- 
Manville, Box 60, New York 16, N. Y. 
In Canada, 199 Bay St., Toronto 1, Ont. 
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National Tube Division, United States Steel 

Comm. <<... 91, 92, 93, 94 
New Departure, Division of General 

Motors Corp. 
New Hampshire Ball Bearings, Inc. 
New York Air Brake Co., The ... 
New York Belting & Packing Co. 


364, 365 
. .26, 27 


°o 
Ohio Gear Co., The 
Ohio Seamless Tube Division a& 
Copperweld Steel Co. 
Ohmite Manufacturing Co. 
Oilgear Co., The ... a wince 
Ortman Miller Machine Co. ew 


P 


Parker Appliance Co., The ..290 291, 
Parker-Kalon Corp. 45, 51, 281 
Parker Rust Proof Co. ona: 


Parker White-Metal Co. 

Pennsylvania Flexible Metallic Tubing 
Co., Inc. 

Pesco Products Division, Borg-Warner 
Com ... 

Pheoll Manufacturing Co. 

Philadelphia Gear Works, Inc. ; 

Phoenix Products Co., Metal Spinning 
Division 

Pioneer Pump Division, Detroit Harvester 
Ge... 

Pittsburgh Plate Glass Co., Fiber Glass 
Division ... 

Pittsburgh Steel Co., Thomas Strip 
Division ... 

Platecoil Division, Tranter Manufacturing, 
er Re 

Polymer Corp., The .... 

Precision Rubber Products Corp. 

Pure Carbon Co., Inc. 


Racine Hydraulics & Machinery, Inc. 

R-B-M Division, Essex Wire Corp. i 

Reeves Pulley Co. ... . 108, 

Reliance Division, Eaton Manufacturing 
ce .. 

Reliance Electric and Engineering Co. ; 

Republic Steel Corp., Alloy Steel Division 

Republic Steel — Steel and Tubes 
Division ' . 

Resistoflex Corp. 

Reuland Electric Co. .. sae 

Revere Copper and Brass, Inc. ...... 105, 

Reynolds Metals Co. ................ 

Robbins & Myers, Inc. : 

Robinson Aviation, Inc. ... 

Rochester Products, Division of General 
Motors Corp. 

Rockford Clutch Division, Borg-Warner 
Corp. 

Rockford Screw Products Co. 

Roper, Geo. D., Corp. 

Ross Operating Valve Co. 

Russell, Burdsall & Ward Bolt and Nut Co. 

Ruthman ‘Machinery Co., The 

Rynel Corp. 


Sacks-Barlow Foundries, Inc., Newark 
Malleable Iron Works cnn oe 
Sandsteel Spring Division, Sandvik Steel, 
ee 
Sandusky Foundry and Machine Co. 463 
Sandvik Steel, Inc., Sandsteel Spring 
Division 
Scovill Manufacturing Co. 
Screw Research Association .... 
Servospeed, Division of Electro Devices, 
ime, ... 
Set Screw & Manufacturing Co. ........ 458 
Shafer Bearing Division, Chain Belt Co. .. 13 
Shakeproof, Division of Illinois Tool Works 281 
SKF Industries, Inc. .... es 
Skinner Electric Valve Division, The Skinner 
ein cw atkins ate harkens wees 462 
Soreng Products Corp. . 295 
Southington Hdwe. Manufacturing Co., The 281 
Southwest Products Co. .. 455 
Spencer Thermostat, Division of Metals & 
Controls Corp. 
Sprague Engineering and Sales Corp. 
Square D Co. 
Siandard Pressed Steel Co., 
Division .... 
Standard Pressed Steel Co., Socket Screw 
Division 


Star-Kimble, Motor Division of Miehle 
Printing Press and Manufacturing Co, . 263 
pe eee 281 
Stevens Manufacturing Co., Inc. 
Stow Manufacturing Co. ............. 
Superior Carbon Products, Inc. 
Superior Steel Corp. .........-.--.++-- 
Superior Steel and Malleable Castings 
Co. 
Superior Tube Co. 
Sweet’s Catalog Service, Division of F. W. 
Dodge Corp. 
Synthane Corp. ....... 


T 


Telechron Department, General Electric Co. 95 
Tennessee Coal & Iron Division, United 

States Steel Corp. .. .42, 43, 91, 92, 93, 94 
Thiokol Chemical Corp. 406 
Thomas Strip Division, Pittsburgh Steel Co. 443 
Thomoson Products, Inc., Accessories 

Division ‘ 
Thompson Products, Inc., Jet Divisicn 
Thomson Industries, Inc. ... 32 
Timken Roller Bearing Co., ~~ 

111, Back Cover 

Tinnermon Products, Inc. ec 
Tomkins-Johnson Co., The ......... . 334 
Torrington Co., The ... See 
Torrington Co., The, Specialties Division 287 
Tranter Manufacturing, Inc., Platecoil 

Division . 2 
Tube Reducing Corp. ». 383 
Turner Uni-Drive Co. ... . 462 
Twin Dise Clutch Co. 


U 
Union Carbide and Carbon Corp., Bakelite 
Co. 
Union Carbide and Carbon Corp., ‘Haynes 
Stellite Co. 
Union Carbide and Carbon Corp., Linde 
Air Products Co. ... 
United Screw and Bolt Corp. 
United States Rubber Co., Mechanical 
Goods Division 
United States Steel Corp. 42, 43, 91, 92, 93, 94 
United States Steel Export Co. 
: 42, 43, 91, 92, 93, 94 
United States Steel Supply Division, United 
States Steel Corp. 91, 92, 93, 94 
Universal Ball Co. 


Valvair Corp. 

Veeder-Root, Inc. 

Versa Products Co., 

Vickers, Inc., Division of The Sperry Corp. 
Victor Manufacturing & Gasket Ce iY 
Vulcan Electric Co. 


Wagner Eleciiic Corp. .......-... .... 100 
Waldes Kohinoor, Inc. .. OUT 
Wales-Beech Corp. er 
Ward Leonard Electric Co. 
Waterman Engineering Co. ....... Sila 
Wellman Bronze & Aluminum Co., The ... 342 
Wesche, B. A., Electric Co., The 
Western Felt Works 
Westinghouse Electric Corp. 
Wheelock, Lovejoy & Co., Inc. 
White, S. S. Dental Manufacturing Co., 

The, Industrial Division 
Wichita Falls Foundry & Machine Co., Inc. 421 
Winzeler Manuacturing & Tool Co. ... 464 
Wisconsin Motor Corp. 


Engineers Available or Wanted soos. 7 
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MACHINE DESIGN—December 1953 








type EV speEDRANGERS are electronically-controlled, 
Thyraton type, adjustable-speed power drives with a wide’ 
gelato -Mxe) Me) ol -1aelilile ME ol -1-teL) and good speed regulation. 





Sy 4 3 oe Basic ‘speed of 2400 RPM. 


SPEED RANGE. Drive speeds are adjustable down to one 
sixth of the basic speed for continuous duty, 50°C.; down 


79 


b to one twentieth of the basic speed, intermittent duty. 


HOW IT WORKS. Single phase AC power is converted by 
Thyraton type electronic rectifiers to supply a DC variable- 
ry ol t-te melaha-) motor. This DC drive motor is of the separately 
excited type, which inherently has good speed regulation. 


Se STANDARD CHARACTERISTICS are constant torque rating 
leo over the full speed range . . . complete control from a 
9" [ - F compact operator's station . . . infinite steps of speed ad- 
x # ue elem ice lailile MelileMeleleleMyel-\-teMe-tel (elite im 







' OPTIONAL FEATURES are jogging, feversing, dynamic ~ G- 
braking, wide or special speed ranges and special duty 
cycles. 





electronic variable speed drives 


type GY spEEDRANGERS are electronically-controlled, 
motor-generator type, adjustable-speed power drives 


L, TILA odie (Me aelile(-MelMs)+l-leelilile ME J o\-1-lel MelileMelelelo ME) +1110) 
Le: regulation. 
- _ SIZES. 2 to 10 HP with basic speeds of 2400, 1750 and 
1150 RPM: 


SPEED RANGE. Drive speeds are adustable down to one 
sixth of the basic speed for continuous duty, 50°C.; down 
: .. to one tenth of basic speed intermittent duty. 

i HOW IT WORKS. Three or two phase AC power is con- 
verted by a motor-generator set and by tube type 
electronic rectifiers to supply a DC variable-speed drive 
C motor. This DC drive motor is of the separately excited 

ae type, which inherently has good speed regulation. 
OPERATION. The Type"GV Speedrangers have the same 
standard characteristics and optional features as listed 
oS, ST, above for the Type EV Speedrangers. 





a ~”l MANY TYPES. The DC drive motor for both the Type EV 
= and GV Speedrangers are available with Master Uni- 
... brakes, Fluid Drives and any of the five types of Master 

aa - Gearmotors. 


THE MASTER ELECTRIC COMPANY 


DAYTON, OHIO 
™~ 
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TIMKEN” bearings hold 
runout on gear shaver 
table to .0002" 


O maintain the high precision 

necessary in gear shaving operations, 
Michigan Tool Co. mounted the table 
spindle of its Model V-48 Gear Shaver on 
Timken® precision tapered roller bear- 
ings. At General Electric’s turbine plant 
in Lynn, Massachusetts, a measurement 
of the gear shaver’s accuracy showed a 
maximum runout of .0002”", exceptional 
in view of the fact that the bearings 
involved have 17%” and 16%” bores. 


Made specifically for spindle applica- 
tions, these Timken bearings assure 
highest precision because of (1) bearing 
accuracy and (2) shaft rigidity main- 
tained by line contact between rollers 

> and races. And the tapered construction 
of Timken bearings eliminates end-play 
by taking any combination of radial and 
thrust loads. Result: gears are shaved 
more accurately. 


é se! es Pens em 








ee ora 
ny 


pages 2 





“NR 
Le 


ri 


we 





a 
PIS EEG. 
ARS) ae if 





True rolling motion and smooth surface 
finish make Timken bearings practically 
friction-free. Made of Timken fine alloy 
steel, Timken bearings normally last the 
life of the machine in which they’re used. 


Be sure to specify Timken bearings 
in the machinery you build or buy. Look 
for the trade-mark “Timken” stamped 
on every bearing. The Timken Roller 
Bearing Company, Canton 6, Ohio. 
Canadian plant: St. Thomas, Ontario. 
Cable address: ““TIMROSCO”. 


unts the table This symbol on a product means its 
How MICHIGAN TOOt CTs Geat Shaver 08 bearings are the best. 
: f its Modes sure 
spindle °o 


Ti } j 1} } . . 





FINISHED TO CLOSER 
TOLERANCES 
Finishing to incredible smooth- 


ness accounts for much of the 

“ precise, smooth rolling perform- 

‘ ance of Timken bearings. This 

white ra honing operation is typical of 

: : F the amazingiy accurate manufac- 
a, a , turing methods at the Timken 


Company. 
The Timken Company is the 


TAPERED ROLLER BEARINGS sSeanced float qoecies 


manufacturing; 3. rigid quality 
control; 4. special analysis steels. 








NOT JUST A BALL‘) NOT JUST A ROLLER ©) THE TIMKEN TAPERED ROLLER © > BEARING TAKES RADIAL | AND THRUST —-())~- LOADS OR ANY COMBINATION - 6 : 











